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Abstract 
 
     The Arkoma Basin is one of several foreland basins formed in association with the Ouachita 
orogeny. The Arkoma Basin has been studied in depth with regard to stratigraphy, depositional 
environments, structure and its relationship to the Appalachian-Ouachita orogenic event. This 
study focuses on the variability of the deltaic deposits within the Arkoma Basin and the 
significance of this variability to both the delta complex and the overall tectonic setting. Relating 
depositional variations to the processes that control their formation will allow for more 
meaningful deltaic facies models in the future. The present project will also offer an alternative 
provenance indicator for the system in an attempt to resolve a conflict in the literature 
concerning source area for these sediments 
     The specific characteristics that were investigated include variation in paleocurrent direction, 
bed thickness, bed geometry, organic content, sand/shale ratio, and mineral, and fossil 
assemblages. In the case of the Arkoma deltaic deposits, bed thickness is a function of the 
duration and rate of a depositional event, assuming no scour has occurred. Bed geometry is 
controlled by the location of the deposit within the delta complex. Organic content, and thus 
trace fossil abundance, is controlled by the course of the river, as well as by wave and tidal 
influences on the delta. Mineral assemblages are determined by parent rock composition, as well 
as the effects of weathering as sediments are eroded and transported. Paleoflow in a deltaic 
system is controlled by the course of the river as well as by specific branching of distributary 
channels.  
     Traditional quartz- feldspar- lithic data have been unable to resolve the conflict over source 
area. Two source areas have been proposed for this system: 1) a northern cratonic source and 2) 
an eastern Appalachian source. Detrital tourmaline chemistry provides an alternative method for 
 x 
determining provenance in this system. Tourmaline analysis suggests that an eastern 
Appalachian source is more probable.   
  1 
Chapter 1: Introduction 
     Outcrop studies provide an easily accessible means to study the interior of delta systems at a 
resolution that is not achievable with seismic and/or core studies. Increased understanding of the 
character and evolution of such systems may lead to an improved knowledge of the applicable 
transport and depositional processes, which in turn can lead to more efficient and effective 
petroleum discoveries and recovery.  
     The present study is an outcrop-based project focusing on deltaic deposits within the Arkoma 
Basin, a foreland basin that formed in association with the late Paleozoic Ouachita orogeny. This 
orogeny spans an area from the southern-most extent of the Appalachian Mountains through 
Arkansas, Oklahoma and Texas. Much research has been published in the past relating to 
Ouachita tectonics (e.g., Viele, 1989; Arbenz, 1989, 1986; Viele and Thomas, 1989; Keller et al., 
1989; Graham et al., 1974), as well as the structure and deposits of the foreland basins (e.g. 
McGilvery and Houseknecht, 2000; Bally, 1989; Denison, 1989, Gangopadhyay, 1997; Stone 
and Haley, 1986).  
     Investigation of characteristics that vary in deltaic deposits could improve deltaic facies 
models, which are often used for a general representation of a particular depositional 
environment, but are often problematic because they do not closely relate variations in deposits 
with the processes that formed them. Another important outcome of this study will involve 
finding an alternate provenance indicator for the system. Methods used in previous studies have 
been unsuccessful in resolving the debate over the source of these sediments.  
     The study area for this project includes portions of the Arkoma Baisn located in north-central 
Arkansas and focused on the variability among different outcrops. Data from the area come from 
three quarry and five roadcut outcrops in the basin (Fig. 1.1). The primary characteristics to be 
  2 
evaluated included paleocurrent direction, bed thickness, bed geometry, sand/shale ratio, organic 
content, mineral assemblage, and fossil assemblage. 
     The objectives of this study were multifaceted and include: 
1) To study deltaic features/structures preserved in the rock record using Atokan 
deposits, 
2) To improve deltaic facies models, which often do not closely relate variations in 
deposits with the processes that form them. First, this requires determination of 
characteristics that are similar and those that vary between different outcrops as well 
as those that change within a vertical section. Next, relationships must be established 
between observed variations and the processes that likely controlled their formaiton. 
3) To determine whether particular differences are inherent to the delta cycle or to the 
regional tectonic environment, 
4) Determine the significance, if any, of observed variations,  
5) Determine differences in deltas as they relate to coarse or fine-grained sediments, 
6) Use the literature to determine similarities and differences in deltas, and to investigate 
new discoveries on deltas, 
7) To find an alternative, more reliable provenance indicator for this system. 
     In order to achieve the determined objectives several methods were used. An extensive 
literature review was conducted as background information on deltas and tectonic environments 
in general and those dealing with Arkansas, as well as in an effort to establish a modern analog. 
Field observations during which outcrops were measured and described in detail, as well as 
photographed, were a critical source of the data. Samples were collected and thin sections 
produced for petrograhpic analysis in order to determine mineral assemblages in an effort to 
  3 
constrain provenance.  Gamma logs were also acquired using a scintillometer to determine 
sand/shale ratios.  
 
 
   
Figure 1.1: The Arkoma Basin extends from northern Arkansas into northern Oklahoma. 
The study area for this project is located in north-central Arkansas. Red dots indicate 
quarry outcrops. Blue dots indicate roadcut exposures. 
Note: There are four consecutive roadcuts outside the town of Morrilton. The distance 
between Little Rock and Morrilton, Arkansas is about 50 miles. 
N 
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Chapter 2: The Ouachita System 
2.1: Brief History 
 
     Ouachita strata were deposited during a cycle of opening and closing of the Iapetus Sea (Fig. 
2.1) (Housknecht, 1986). The Ouachita fold-thrust belt and the associated Ouachita Basin formed 
as a result of the oblique collision of North America with a northward moving southern plate 
(Arbenz, 1989) (Fig. 2.2). The exact identity of this southern plate is unknown, but is generally 
believed to have been a subductional accretionary thrust front with one of the following four 
bodies as the colliding object: 1) Gondwana, 2) a mid-oceanic volcanic arc, 3) an unknown 
foreign terrane, or 4) a former piece of North America which had been removed from the craton 
during Cambrian rifting (Arbenz, 1989). Graham et al. (1975) combine the Appalachian and 
Ouachita orogenies into one system which significantly complicates the orogenic event by 
introducing several crustal bodies (e.g., North America, Eurasia, Gondwana) into the collision. A 
similar complicated involvement of multiple crustal entities is seen in the Papuan system and 
will be discussed in further detail later. 
      Middle Cambrian rifting produced a geographically jagged, passive margin along the 
southern edge of North America (Fig. 2.3) (Arbenz, 1989). Two promontories, the Alabama and 
Texas promontories, and two reentrants, the Ouachita and Marathon Embayments, were created 
with this rift event (Arbenz, 1989). The Reelfoot Rift, the Oklahoma aulacogen, and the 
Delaware aulacogen, which represent rift or rift transform basins, were also produced at this time 
(Arbenz, 1989). The paleoshelf extended westward into southwestern Oklahoma and eastern 
Texas, where it is intersected by large displacement faults, and although not clearly constrained, 
reconstructions place the southern limit of the shelf near the Arkansas-Louisiana border 
(Coleman, 2000). The resulting Ouachita Basin had a minimum predeformation aerial extent 
 5 
close to 250,000 km2 and reached depths of approximately 1,500 to 2,000 m based on 
sedimentary structures, bedding characteristics, and lithofacies successions (Coleman, 2000).     
            
                               
Figure 2.1: The progression of a complete Wilson Cycle beginning with Precambrian rifting 
of the North American continent (A), followed by successive oceanic crust formation (B), 
convergent plate motion between North America and the colliding body forming a 
subduction zone (C), plate collision (D), and finally uplift of the Ouachita Mountains and 
formation of the Arkoma foreland basin (E). From Houseknecht (1986). 
 
Legend: 
E: late Atokan-Desmoinesian 
D: early-middle Atokan 
C: early Mississippian-earliest Atokan 
B: late Cambrian-earliest Mississippian 
A: late Precambrian-earliest Paleozoic 
 
Straw hachures: Llanorian crust                  Sand stippling: lower-middle Atokan strata 
Black: oceanic crust                                     Vertical lines: upper Atokan-Desmoinesian strata 
Heavy dots: basal Paleozoic strata               Mottled: Ouachita subduction complex 
White: Mississippian-basal Atokan strata    Wavy lines: Ouachita foreland thrust belt 
Black triangle: magmatic arc volcanoes 
Horizontal hachures: upper Cambrian-basal Mississippian strata 
 
 
 6 
 
                       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.2: Paleoreconstruction of plate tectonic movement during the A) early 
Carboniferous, B) late Carboniferous and C) late Permian. Note the progressive 
closing of the ocean basin between North America and Africa as you move 
forward in time from the early Carboniferous to late Permian time. From the 
Paleomap Project website (www.scotese.com) (2002). 
 
(figure continued) 
Figure 2.2A 
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Figure 2.2B 
Figure 2.2C 
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     Post-rifting conditions were stable and an equatorial geographic location allowed for 
extensive carbonate platform development from Texas to Canada (Arbenz, 1989). As 
epicontinental seas regressed, the primary sediment source for the basin is believed to be of 
continental origin through a topographic low associated with the Reelfoot Rift (Fig 2.4) (e.g., 
Figure 2.3: Location of the rift 
(represented by solid, dark line) 
and associated features that 
formed during Middle Cambrian 
time. Arrows depict relative plate 
motion. From Arbenz, 1989. 
Legend: 
A=Alabama promontory 
AF=late Paleozoic Appalachian 
thrust front 
D=Delaware aulacogen 
L=Llano (or Texas) promontory 
M=Marathon Embayment 
O=Oklahoma basin (early Paleozoic) 
OA=Oklahoma aulacogen 
OF=late Paleozoic Ouachita thrust 
front  
OU=Ouachita Embayment 
R=Reelfoot rift (with early Paleozoic 
Mississippi Valley basin 
T=Tobosa basin (early Paleozoic)  
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Morris, 1974; Coleman, 2000). Slow sedimentation, approximately 1 to 10 meters per million 
years, followed until the orogenic event began with the closing of the Iapetus Sea during middle 
to late Mississippian time (Meramecian or earliest Chesterian) (Arbenz, 1989). Ouachita Basin 
sediments consist of dark shale, lesser amounts of limestone, quartz sandstone and bedded cherts 
thought to be indicative of deposition within a starved basin along the slope, rise, and abyssal 
plain (Houseknecht, 1986).  
 
 
 
 
 
 
     Subduction of the northern plate, evidenced by the presence of volcanic tuffs (Arbenz, 1989), 
was well underway during Mississippian time, although the exact timing of onset is not 
constrained (Houseknecht, 1986). Deepwater deposition turned to more shallow water and non-
Figure 2.4: Map showing an artistic interpretation of a possible fluvial 
system associated with the cratonic depression formed by the Reelfoot Rift 
during late Mississippian time (Modified from Gordon and Stone (1977). 
Legend: light blue=shallow seas associated with the Ouachita Basin; dark 
blue=deep seas associated with the Ouachita Basin; pink=approximate 
boundary of the Reelfoot Rift aulocogen; medium blue=fluvial system; tan: 
delta. 
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marine facies as the suture migrated from east to west due to the obliquity of collision (Graham 
et al., 1975). With incipient orogenesis, sedimentation rates increased to as much as 100 meters 
per million years (Arbenz, 1989). The primary sediment source shifted from the north/northeast 
to a predominantly eastern source through the westward propogating suture zone (Fig. 2.5) (e.g., 
Link and Roberts, 1986; Morris, 1974; C.G. Stone, pers. Comm., 2001).  
 
 
 
 
 
 
 
     In Atokan time the foreland narrowed (Link and Roberts, 1986) and the depocenter shifted 
northward to the Arkoma foreland basin as the deep marine sequence was thrust over the 
southern margin, when the subduction complex encountered more buoyant transitional to 
continental crust (Evoy et al., 1986). Thrust loading allowed for the development of several 
Figure 2.5: As the suture migrated westward, associated fluvio-deltaic 
system and deepwater fan shifted to the west, resulteing in a transition 
from a northern source to an overall eastern source in the Arkansas 
deltas. This map is an artistic reconstruction of one possible scenario. 
Modified from Gordon and Stone (1977). 
Legend: Light blue: shallow marine; dark blue: deep marine; orange: 
delta; purple: meandering fluvial. 
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down-to-the-south growth faults of Atokan age (Arbenz, 1989). This flysch to molasse sequence 
was incorporated into the deformation front (Graham et al., 1975), but the main compressional 
event in what is now Arkansas and Texas occurred during the latest Atokan (Arbenz, 1989). The 
northern margin did not begin to experience deformation until middle to late Desmoinesian 
(Arbenz, 1989). The foreland region, which had stretched approximately 1,240 miles (1,995 km) 
along an east-west axial trend, subsequently became subdivided into several discrete structural 
basins, including the Arkoma Basin, near the final stage of suturing (Houseknecht, 1986). 
Emplacement of a basement duplex under the core of the thrust belt occurred during the final 
stage of collision (Link and Roberts, 1986). In Desmoinsesian time, the depocenter shifted 
westward as the suture migrated into present day Oklahoma. The foreland region in present day 
Arkansas was uplifted and denudation began (Link and Roberts, 1986). Final closure occurred in 
the Permian, based on an early Permian angular unconformity and numerous Permian isotopic 
ages (Arbenz, 1989). 
 
2.2: Paleogeographic Setting 
 
     During late Pennsylvanian time, southern North America lay in an equatorial position and the 
Appalachian Mountains had formed in what is now eastern North America (Stanley, 1992) (Fig. 
2.6). Most of the land west of the Appalachians was covered by an epicontinental seaway (Fig. 
2.7).  An east-west trending depression, the Ouachita trough, (Fig. 2.7A) formed from loading of 
the North American lithosphere and extended from the Appalachians to Texas (Gordon and 
Stone, 1977). Several foreland basins outlined the northern perimeter of the system (Arbenz, 
1989).  
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Figure 2.7: Paleoreconstruction of North American seaways. Light blue: shallow 
seas, dark blue: deep seas. A: During mid-Mississippian time much of North 
America was covered by a shallow epicontinental seaway with deep marine 
conditions concentrated on the extreme west coast and along the southern margin 
associated with the Ouachita trough.; B: By end-Mississippian time much of the 
shallow seaway had retreated leaving only a small sea located near the southern 
portion of the continent and a smaller sea along the west coast. After Gordon and 
Stone (1977). 
B 
A 
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     The exact placement of some portions of the suture belt is unknown due to the complicated 
nature of collision (Graham et. al., 1975), but the general trend is from northeast to southwest 
through present day Tennessee, Alabama, Mississippi, Arkansas, Oklahoma and Texas (Fig.2.8). 
 
 
 
 
 
2.3: Deposits of the Arkoma Basin 
     Extensive exposures, sometimes totaling over 45,000 ft (13,716 m) thick (Link and Roberts, 
1986), of foreland deposits in north-central Arkansas make the Arkoma Basin an ideal study 
area, although none of the locations in this study reach such a thickness.  The sedimentary units 
that comprise Arkoma deposits formed during basin closing include the Stanley Shale, Jackfork, 
John's Valley Shale and the Atoka formations (Fig. 2.9). Morris (1974) offers a general 
Figure 2.8: Paleoreconstruction of location of aulocogens, suture 
belt, Ouachita front and other tectonic related features formed 
during basin closing. After Link and Roberts (1986). 
Legend: Pink: Ouachita Front; Green: approximate extent of the 
Reelfoot Rift; Yellow: approximate extent of the Anadarko-
Ardmore Aulocogen. 
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description of the Stanley, the Jackfork and the John's Valley, which is summarized below. 
Because outcrops of the Atoka formation were primarily studied for this report, a more detailed 
description of units in this formation is provided. 
 
 
 
 
Figure 2.9: Correlation of Arkansas Carboniferous stratigraphic units. “?” indicates 
uncertainty with available data. After Stone (1968). 
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2.3.1: Stanley Shale 
     The Stanley Shale consists primarily of olive-gray to black shale with minor fine-grained, 
mud-rich turbidites at the base and near the top. Matrix-rich sandstones become thicker and more 
numerous near the Southern Ouachitas. Basal tuff and tuffaceous sandstone are common, while 
disturbed bedding, impure cherts and siliceous shale are rare. Near the Frontal Ouachitas, the 
unit becomes thinner, turbidites become more rare in basal deposits, intervals of impure chert 
and siliceous shale increase, and only a minor tuff interval is present near the top. Chaotic 
bedded, thick slump masses, presumably derived from the north, contain shelfal limestone 
blocks. Local submarine fan channel deposits are composed of fine-grained quartz arenites. 
 
2.3.2: Jackfork Formation 
     The Jackfork Formation is characterized by gray-black shale and alternating whitish-gray, 
very fine-grained quartz-rich turbidite packages. The Frontal Ouachitas are dominated by chaotic 
bedding, whereas proximal turbidites are common in the Southern Ouachitas. In Oklahoma, the 
Ouachitas exhibit thinner bedded distal turbidites and black siliceous shales. Proximal turbidites 
are massive, quartz-rich and contain few or no shale interbeds. These ridge-forming units are 
considered scour-and-fill units. The distal turbidites are characterized by common rippled tops, 
more abundant trace fossils, dewatering structures, better developed sole marks, and 
incomplete to complete Bouma Sequences. They also exhibit slope- or shock- induced disruptive 
structures and several distinct zones of carbonate clasts, quartz granules, and shallow-water 
fauna originating from the shelf. 
2.3.3: Johns Valley Shale 
     The Johns Valley Shale contains a distinctive unit of chaotic bedding, which contains large 
blocks of limestone, chert and black shale in Oklahoma’s Central Ouachitas. In Arkansas, these 
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zones are replaced with gray-black shale and interbedded very fine-grained, matrix-rich, thin-
bedded sandstones of a distal turbidite facies. In the Southern Ouachitas, slump zones indicated 
northward sliding prior to consolidation. 
2.3.4: Atoka Formation 
     The Atoka Formation conformably overlies the Johns Valley Shale. It was deposited over 
approximately five million years and reaches a maximum thickness of greater than 5.5 km near 
its southern limit (Houseknecht, 1986). The Atoka Formation was deposited during late 
Pennsylvanian time and is informally subdivided into three mapable units: the lower, middle and 
upper Atoka (Stone, 1968). The lower and middle Atoka are composed of sandstone-rich 
deepwater deposits primarily controlled by an elongate, east trending trough in the southern 
regions of the Arkoma Basin (Link and Roberts, 1986). The upper Atoka represents shallow-
water deposition formed as the remnant ocean basin underwent the final stages of closing (Stone, 
1968). Stone provides a detailed description of the three units, which is summarized below. 
     The lower member ranges in thickness from 2743 to 3962 m (9,000 to 13,000 ft) and consists 
of thousands of cycles of alternating sandstone, siltstone and black shale. The sandstones, which 
generally exhibit a sharp basal contact with the underlying shale and grade up through siltstone 
to shale, are characteristically brownish-gray, poorly sorted, fine-to-medium grained, silty, 
micaceous and very-thinly- to-occasionally- thickly-bedded. The siltstone is primarily gray, 
micaceous, sandy, often sooty and most contain coalified plant fragments and coarse micas. The 
lower Atoka exhibits some interference and current ripple marks, pseudo-boulders (isolated sand 
bodies possibly related to sedimentary pull-aparts or slump features), graded bedding, convolute 
laminations, parallel laminations, current laminations, flute casts, prod marks and load casts. 
Increased massive sandstones are found in the lower half of the member. Fossil evidence is rare 
with only minor crinoid fragments, some rare large carbonized plant fragments, worm trails and 
 18 
other trace fossils on some beds. Paleocurrent data derived from ripple marks, parting lineation 
and cross laminations show overall transport directions toward the west to northwest in Arkansas 
and southwest in Oklahoma (Morris, 1974). Lithology and heavy minerals from a metamorphic 
terrain support that the major source was from an easterly direction. 
     The middle Atoka is composed of shale and sandstone in the southern transition zone 
reaching a thickness of approximately 1890 m (6,200 ft). The base is marked by a thick, gray-
black silty shale section, which is overlain by the “traceable three”. The traceable three consist of 
flaggy-to-thin-bedded, silty, micaceous, fine-grained sandstone units, generally separated by 
thick shale intervals, which often reach 853 m (2,800 ft) in thickness. The sandstones 
characteristically exhibit a lack of graded bedding, lack of sorting, micro-cross laminations, 
numerous current and oscillation ripples, minor plant fragments and invertebrate marine fossils. 
Some sandstones have bottom markings and convolute laminations. The traceable three display 
paleocurrent directions from a northeastern source, while minor sandstones within the lower 
shale unit record paleocurrents from an east-southeasterly direction.  
     The upper Atoka, which is approximately 1981 m (6,500 ft) thick, consists of shale and 
sandstones. The sandstones are primarily fine-grained and silty, some of which exhibit sediment 
flow and slump features. The shale is dark gray to black, fissile and silty with thin lenses of 
concretionary siltstone. Minor medium-to-coarse grained, quartzose and porous channel 
sandstones are present with abundant basal shale fragments. Local concentrations of plant 
remains, trace fossils and invertebrate fossils are common. Near the middle of the upper Atoka a 
thin coal seam was exposed, but has since been mined. Tidal bedforms become more abundant 
and suggest an increasing tidal influence as the progressing suture constricted the basin (Link 
and Roberts, 1986). Morris (1974) reported paleocurrents almost due south in the upper Atoka. 
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Stone (1968) also suggests a source of predominantly northeastern origin. The Atoka is 
unconformably overlain by the Hartshorne Sandstone. 
     Houseknecht (1986) describes the overall structure of the Atoka, which experienced 
significant deformation during Desmoinsenian time, as collision terminated in the north-central 
Arkansas area. In the Atoka, broad synclines are separated by narrow anticlines and exhibit fold 
axes that are overall parallel to the arcuate trend of the basin and thrust belt. Much of the folded 
section is underlain by listric faults that ramp to the surface and are coincident with anticlinal 
crests. Underneath thrust fault horizons south-dipping normal faults, which were active during 
the low to mid Atoka, are predominant and offset Precambrian basement and sub-Atoka 
sedimentary unit. 
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Chapter 3: Modern Analog 
 
 3.1: The Mississippi River Delta System 
     Literature and outcrop studies provide strong evidence that these Atokan deltas were part of a 
river-dominated system. The Mississippi River delta system provides an accessible and well-
studied example of a river-dominated delta. The Mississippi River delta morphology has been 
documented using surface morphology to attest to the most recent changes in the location of the 
complex of the shelf and depositional characteristics, and by studying cores and high resolution 
seismic surveys to determine older changes (Nissen et al., 1999). This river-dominated delta has 
been the primary model for the delta cycle within the Arkoma Basin environment. Due to 
frequently lowered sea levels the Mississippi River has been building at the shelf edge during 
much of its history (Coleman et al., 1998). Huge volumes of sediment carried by the Mississippi 
and its tributaries out of the Rocky and Appalachian Mountains to the northern Gulf of Mexico, 
coupled with a paucity of wave and tide influences, has resulted in a fluvially dominated 
depositional system.  These delta-building processes have directly resulted in the southward 
progradation of the continental margin (Coleman et al., 1998). 
 
3.1.2: Components  
     Deltas are most broadly characterized by four primary areas: 1) the drainage basin, 2) alluvial 
valley, 3) delta plain, and 4) the receiving basin. Delta architecture is primarily a product of river 
discharge versus physical processes of the receiving basin. Sources of variability among deltas 
normally include climate, the type of sediment being carried by the river, local geology and 
geomorphology, vegetation and soil type, tidal influence, and wave action.  
     The three basic categories of deltas are end members: wave-dominated, tide-dominated, and 
river-dominated  (Fig. 3.1). As the name implies, the architecture of a wave-dominated delta is 
 21 
affected primarily by wave action. These deltas are characteristically wide and triangular in 
shape and elongate parallel to the shoreline. Tide-dominated deltas are defined by tidal energy. 
These deltas are typically bell-shaped at the river mouth and exhibit elongate tidal bars 
perpendicular to the shoreline. A river-dominated delta demonstrates a triangular fan- like shape 
and is affected very little by wave or tidal action. Because the deltas of the Arkoma Basin have 
been defined as river-dominated, the discussion will focus primarily on river-dominated deltas. 
               
 
Figure 3.1 The three end-member delta types are wave-dominated, tide-dominated and river-
dominated. A) Wave-dominated deltas generally display a wide triangular morphology with the 
long axis oriented parallel to the shoreline and an asymmetry resulting from longshore currents.; 
B) Tide-dominated deltas are distinguished by an overall bell shape coupled with elongate tidal 
bars oriented perpendicular to the shoreline.; C) River-dominated deltas exhibit a more classic 
triangular fan-shaped aerial geometry with branching channels. 
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3.1.3: The  Delta Cycle 
     Simply put, the delta cycle is the cyclic manner in which deltas prograde and retrograde over 
time. The actual process, however, is far from simple.  In a river-dominated system, as the delta 
complex grows and retreats, the smaller components, the delta lobes, experience their own cycles 
of growth and retreat that mimic the style of the larger complex (Coleman and Gagliano, 1964). 
The cycle of the delta lobe is completed on the order of a couple hundred years while it takes a 
few thousand years for the entire complex to form (Roberts, 1997). The contrasting size and time 
differences in formation produce a “deltas within deltas” series (Roberts, 1997).  The three major 
components of the delta cycle include 1) upriver stream capture, 2) progradation onto the shelf, 
and 3) abandonment and retreat. 
     The delta cycle is separated into two major phases: 1) the regressive phase, which is fluvially 
dominated, and 2) the transgressive phase dominated by marine processes (Scruton, 1960).  This 
process is represented graphically in Figure 3.2. 
 
 
Figure 3.2 Graphical representation of the delta cycle as it relates to the Mississippi River 
delta using a bell-shaped curve. The left half of the curve represents the regressive phase 
where increased discharge and sediment flux result in rapid growth of the delta. The right half 
of the curve demonstrates the decreasing discharge and eventual delta abandonment 
associated with the transgressive phase. From Roberts (1997) and Coleman (1998). 
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     The first step in the process, labeled “Stream Capture and Lacustrine Delta Development,” as 
summarized by Roberts (1997), begins with an upstream capture of a smaller stream. The delta 
building process begins when sufficient sediment becomes available from upstream captures to 
start filling inland lakes (Frazier, 1967), which then proceeds to the coast and eventually onto the 
shelf. If no lake is present, the process commonly begins with deposition in coastal lagoons or 
bays. Typical deposits from this stage of development include the distributary mouthbar, which 
are sand-rich deposits with an elongate lobe morphology that may scour underlying sediments 
and subaqueous levee deposits. Lacustrine and bay deltas typically exhibit “sedimentologic 
variation,” but still generally comprise laminated and bioturbated clays, silty-clays, and silts 
overlain by a coarsening-upward sequence. The delta associated with the Atchafalaya River, 
located west of the Mississippi Delta in southern Louisiana, is a modern example of the bay fill 
process. The basin fill process of the Atchfalaya, which has now entered the bayhead delta phase, 
probably occurred within a few hundred years (Roberts, 1997). 
     The next phase involves building the delta out onto the shelf.  The distributary channels 
continue to branch as the delta progrades, thus the efficiency to transport sediment through the 
system is reduced because less water is available to maintain the channels. This inefficiency, 
coupled with a loss of gradient due to continued progradation, will eventually result in upriver 
stream capture and building of a new lobe (Frazier, 1967). When this capture occurs, the new 
lobe begins the second phase, shelf delta building, and the abandoned delta moves into stage 
three. 
     The final phase, “Delta Abandonment and Deterioration,” begins the marine-dominated 
regressive phase (Roberts, 1997).  At some point the river will overcome the inefficiency 
resulting from branching and loss of gradient by means of upriver stream capture. In other 
words, it will find an easier way to get to the open body of water. When this occurs the 
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abandoned lobe will become more heavily influenced by wave reworking (Coleman and 
Gagliano, 1964). During this phase beaches, spits, barrier islands and submarine shoals form. 
 
3.1.4: Delta Variability 
     The most obvious difference between deltas is shape, which is controlled by the ratio of width 
to shoreline length. Wave-dominated deltas have a much smaller width to shoreline ratio because 
wave action continuously reworks river-born sediments back onto and along the shoreline.  A 
river-dominated delta, however, has a much larger width to shoreline ratio due to the lack of 
sufficient wave action capable of pushing sediments shoreward. Tide-dominated deltas have a 
large width/shoreline ratio and exhibit characteristic features such as tidal bars, bi-directional 
current indicators and a bell-shaped river mouth.  
      Another easily noted difference in deltas deals with variations in scale resulting from the 
evolution of a major delta complex. As seen previously, the delta building process begins with 
the filling of lacustrine or lagoonal environments with small deltas or crevasse splays. These 
splays are built over a period of a 10-50 years and typically reach thicknesses ranging from 2-3 
m, depending upon the size of the lake or bay (Roberts, 2001). 
     The second stage results in formation of a bayhead delta, such as the Atchafalaya or Waxlake 
deltas along the modern coast of Louisiana (Figure 3.3). Bayhead deltas form on a time scale of a 
couple hundred years. Sand thickness in the Atchafalaya ranges from 2-3 m. Bifurcation of 
channels results in an increase of aerial extent (Roberts, 2001).  
     The formation of an inner shelf delta supercedes bayhead delta building. There have been 
seven major delta lobes formed in association with the most recent Mississippi River delta 
complex, six of which are inner shelf style deltas (Kolb and van Lopik,1958). Sand bodies 
deposited in this styl are typically distributary mouth bar sheet sands that are approximately 18-
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24 m thick. Major lobes form over time scales of several hundred years. Crevasse splays or 
“subdeltas,” which are common in any scale delta, form over about 100 years and range in 
thickness from 3-12 m in the modern Mississippi Delta (Coleman and Gagliano, 1964). 
 
                      
 
      
 
     In the case of the modern Belize lobe of the Mississippi River delta, the shelf delta has been 
forced to the outer shelf as a result of lowered sea level and accommodation space (Figure 3.4). 
Outer shelf deltas typically form during times of lowered sea level and display differences in 
geometry and thickness of resulting sand bodies. Sands of outer shelf deltas are concentrated in 
elongate bar finger sands, which reach a thickness of about 91 m (Scruton, 1960), rather than the 
thinner sheet sands observed in the inner shelf deltas (Fisk, 1961). 
  
Figure 3.3: Satellite image of the modern Atchafalaya and Wax Lake deltas, which lie 
west of the Mississippi delta along the Louisiana coast. Note the difference in shape 
resulting from inner shelf delta building in contrast with the modern Balize lobe of the 
Mississippi system. 
Wax Lake Delta 
Atchafalaya Delta 
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            3.1.5: Distribution and Character of Sand Bodies 
     Sand bodies vary in thickness and geometry as a result of the delta building stage. This 
section will focus on variations in geometries observed in deltaic sand bodies.  Information on 
thickness differences can be found in the previous section. 
     Sand body geometry is primarily controlled by the location on the shelf. Bayhead and inner 
shelf deltas form very thin, aerially extensive sheet sand deposits, which result from overlap of 
individual channel mouth deposits (Fig. 3.5). These deposits thin and fine away from the 
progadational center. 
     In an outer shelf delta, sufficient space allows the distributary channels to remain separate so 
that instead of forming distributary mouth bar sheet sands, as the delta progrades, sand is 
concentrated in elongate bar finger sands (Fig. 3.5) (Fisk, 1961). Fisk provides detailed 
descriptions of Mississippi delta bar finger sands and his report is summarized below. Bar finger 
sands are smaller in aerial extent, but are much thicker, reaching a thickness of about 91m, than 
the inner shelf delta distributary mouth bar sheet sands. In the modern Mississippi Delta, they 
Figure 3.4: Infrared satellite image 
of the modern Balize lobe of the 
Mississippi river delta complex. 
Note the elongate bar finger sands 
resulting from distributary channel 
progradation coupled with increased 
accommodation space compared to 
the Atchafalaya delta. 
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protrude roughly 24 to 32 km into the Gulf, but rarely exceed more than 8 km in width. They 
form as distributary channels step seaward in a non-continuous manner forming local 
depocenters, thus, thickness changes along the lenth of the bar. They are lenticular in shape, 
thicker directly under the distributary channel, exhibit a paucity of fauna, and are composed of 
fine sand, scattered lignite grains, and thin layers of broken up plant fragments. Alternating sand 
and silt laminae are interspersed with laminae composed of plant fragments, which produce 
material resembling coffee grounds, known from the Mississippi Delta. These laminae are 
interbedded with thin, cross-bedded silt or fine sand layers. Thin layers of silty clay and clayey 
silt are scattered throughout the deposit and exhibit an increase in basal abundance. Delta front 
deposits underlie bar finger sands, while natural levee deposits comprise the overlying material. 
 
 
 
Figure 3.5:The different manner in 
which distributary mouth bar sand 
deposits of the Mississippi River delta 
form in association with (A) inner shelf 
style deltas and (B) outer shelf style 
deltas. A): Inner shelf delta development 
of distributary mouth bar sheet sands as 
individual distributary mouth deposits 
overlap forming a sheet sand; B): Outer 
shelf delta bar finger sands develop as 
individual distributary mouth bar sands 
prograde seaward, but remain separate 
due to abundant accommodation space.  
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3.1.6: Subenvironments of the Mississippi River Delta System 
    The major subdivisions of a delta complex from deeper water to the upstream apex are the 
prodelta, delta front, and delta plain (Figure 3.6). The prodelta represents the seaward limit of the 
prograding delta and is represented stratigraphically as bottomset beds. Prodelta sediments are 
extremely fine-grained, organic rich and can be differentiated from underlying offshore clays by 
the presence of repeating alternation of laminated silt and clay layers or burrowed versus non-
burrowed layers, which develop as a result of yearly flood cycles (Coleman and Gagliano, 1964). 
Prodelta deposits thicken up as a result of the approaching depositional front (Scruton, 1960). 
Clay minerals in the northern Gulf of Mexico consist of montmorillonite and illite with minor 
kaolinite and chlorite (Scruton, 1960).   Sedimentation rates and wave action are minimal 
resulting in an environment ideal for many organisms.   
     The delta front clinoforms form the stratigraphic foreset beds and represent the sloping 
transition between the seaward and landward extent of the delta. Sedimentation in the delta front 
is too rapid to record seasonal variations (Coleman and Gagliano, 1964) or support much 
bioactivity. Delta front sediments coarsen up (Coleman and Gagliano, 1964) and are typically 
represented as alternating layers of silty-shale and silty-sand (Scruton, 1960).  
     The landward portion of the delta is known as the delta plain and generally represents the 
subaerial portions of the delta.  Topset beds represent the stratigraphic position of these 
sediments. Deposits are sand rich and vary in thickness from a few meters to hundreds of meters 
depending on the delta building phase, as previously discussed. The sands in this system are 
generally composed of quartz and feldspar with minor rock fragments, amphiboles, detrital 
dolomite, pyroxenes, epidote, ilmenite, and biotite (Scruton, 1960).  
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     Within the delta plain, fine-grained natural levee deposits flank the sides of distributary 
channels (Coleman and Gagliano, 1964). Crevasse splays, or subdeltas, which form on a time 
scale of about 100 to 150 years, reach thicknesses of about 1-3 m. They may form between 
individual distributary channels when levees are breached during high flood events (Scruton, 
1960). A layer of clay overlying the sands of these splays signals the end of the crevasse 
depositional cycle. Interdistributary bay areas are dominated by fresh, brackish or saltwater 
marshes as well as bays and their associated deltas. Channel fill deposits are primarily sand and 
can reach greater than 150 ft in thickness (Scruton, 1960). 
     Mud diapirs, also termed mud lumps, form along the leading edge of delta front progradation. 
Coleman et al. (1998) describes the process of mudlump formation in the Mississippi Delta in the 
following manner. As the delta progrades, the denser sediments of the delta front and delta plain 
overlie older prodelta clays. The weight of the overburden forces the uncompacted clay laterally 
Figure 3.6: A simplified depiction of basic deltaic subenvironments. This cross sectional 
view does not attempt to show internal features, such as clinoforms. The subaerial portion 
of the delta is known as the “delta plain.” The sloping section is termed the “delta front,” 
and the clays deposited farthest away compose the “prodelta.” 
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outward and upward in front of the newly deposited sand. These diapiric muds form tower- like 
structures that protrude from the water along the seaward limit of the lobe.  
 
3.2: The Papuan System 
3.2.1: Tectonic Setting 
     The need for a second modern analog becomes apparent when comparing the tectonic setting 
of the Arkoma Basin and the modern Mississippi delta. The Mississippi delta forms on a 
tectonically stable, passive margin, while the Arkoma Basin deltas were formed during a time of 
rapid, oblique collision. Oblique collision in modern examples produces a migrating suture zone 
and an associated axial sediment transport system. For this, the modern oblique collision zone in 
Papua, New Guinea, will be used as a second modern analog. 
    The fact that the Atokan deltas are river-dominated will affect two major components of the 
system, the alluvial valley and the delta plain making the Mississippi analog necessary. The 
drainage basin and receiving basin will be affected by the specific tectonic regime, which is more 
similar to the Papuan system. In order to get an accurate regional view of the delta system of the 
Arkoma Basin, both modern analogs must be studied. The modern Mississippi Delta will provide 
a comparison to the specific outcrops studied. The use of the Papuan system will aid in the 
understanding of the regional sedimentation that resulted from a migrating suture zone caused by 
oblique collision.  
     The orogenic event results from the oblique collision of the overriding Australian plate with 
the underthrusting Pacific plate and is complicated by the presence of several minor plates, such 
as the Caroline plate, the Bismark Sea plate and the Solomon Sea plate (Haddad and Watts, 
1999). The timing of the initial collision is still debated. Some authors (e.g., Pigram et al., 1989) 
argue for a mid-Oligocene date, while others (Haddad and Watts, 1999) use an early Miocene 
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age. The difference arises in where the base of the foreland sequence is chosen depending on 
whether the underlying carbonate deposits are included or left out of the foreland sequence 
(Haddad and Watts, 1999). The southern margin of the cordillera is marked by andesitic 
volcanism and the entire region is characterized by faulting and folding (Smith, 1965). The most 
intense phase of deformation occurred during the Pliocene and Pleistocene and remains active to 
some extent (Smith, 1965). 
     Loading of Australia’s northern margin has produced an epicontinental sea and the Papuan 
foreland basin (Haddad and Watts, 1999).  Arc-continent collision along the northeastern coast 
of New Guinea began 3-4 Ma and suturing has been progressively moving eastward as collision  
continues (Haddad and Watts, 1999). 
 
3.2.2: Geographic Setting 
     The collision front is situated along northeastern New Guinea where the Bismark Arc is 
colliding with the northern Australian Plate (Galewsky and Silver, 1997). It extends into the 
Huon Gulf and the Solomon Sea where subduction is marked by the New Britain Trench and the 
Trobriand Trough (Galewsky and Silver, 1997). The geometry of the system is illustrated in 
Figure 3.7. 
           
3.2.3: Sedimentation Patterns  
     The basin floor is marked by two elongate deep-sea trenches, one in the north (New Britain 
Trench) and one in the south (Trobriand Trough) (Whitmore et al., 1999). Little sediment is 
derived from the southern underthrusting plate because half of the tributary submarine canyons 
spill onto slope fans prior to reaching the axial Markham Canyon (Whitmore et al., 1999). 
Isolated slope fans in this area are between 5 to 20 km in width. The fill in these slope fans is 
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generally fine-grained, hemipelagic sediment.  The canyon-fed slope fans are somewhat larger 
than the associated isolated slope fans. The canyon-fed fans reach approximately 40 to 70 km 
across and are filled with coarser-grained sediments than the hemipelagic sediments of the 
isolated slope fans. Canyons associated with the underthrusting plate are elongate and deeply 
incised features.        
          
      
 
     The northern, overriding plate also offers limited sediment supply to the basin due to 
termination of submarine canyons at slope fans, slope basins or terraces  (Whitmore et al., 1999). 
These fans are similar to the fans related to the underthrusting plate, but the fans related to the 
overthrusting plate are generally fewer in number. Canyons on the overriding plate are funnel-
shaped and incised to a minor extent. 
     Most of the sediment supply comes axially down the Markham Canyon from the collisional 
suture and is derived primarily from emergent landmasses on the already sutured side of the 
Figure 3.7: Regional tectonics of the Papuan collision zone. From 
Whitmore et al. (1999). 
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basin (Whitmore et al., 1999). Sediments are generally delivered to the basin via turbidity 
currents along the newly emergent portions of the suture. Much of this sediment subsequently 
becomes trapped in slope basins or fans. As a result of this axial transport system, sedimentary 
fill in deep water collisional basins may be derived from more distal terranes and completely 
unrelated to the land masses on either side of the basin itself (Whitmore et al., 1999). This 
derivation of sediment from orogenically unrelated sources has been proposed for the Ouachita 
basins as has been stated previously. 
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Chapter 4: Methods, Outcrop Descriptions and Petrographic Analysis 
 
4.1: Methods  
     Two road cuts and four quarry outcrops, representing middle to upper Atoka strata, were 
studied. Of these six, the Morrilton, Conway, Weaver, and Freshour deposits were measured and 
described in detail (see Fig. 2.1 for locations). Bed thickness was measured perpendicular to 
bedding planes using a standard 12 ft x ¾ in (3.65 m x 1.9 cm) retractable measuring tape, 
beginning at the lowest exposed layer at each location. When dealing with layers above eye 
height the bedding plane was traced to a location lower on the wall as low as possible. The 
procedure was then repeated. Distinctive beds were measured individually. Beds with similar 
characteristics, such as alternating silt and sand layers, were grouped to expedite field 
observations. Detailed notes were made regarding physical characteristics and a rock name 
assigned. Groups of beds were then organized into units based on similarities in physical 
character. Measured values were converted to standard metric values after returning from the 
field. Due to difficulties presented by the height of the quarry wall and nearly horizontal dip of 
beds, making detailed stratigraphic measurement impossible, the deposits at the Rodgers Quarry 
could only be photographed and described in a general sense. One sample was recovered from 
the debris pile near one wall at the Rodgers Quarry. Photographs were taken at each location to 
record overall visual appearance of the outcrops as well as some specific features. Stratigraphic 
profiles were constructed for each outcrop and can be found in Appendix A. 
     Gamma logs were recorded using a scintillometer for all outcrops with the exception of 
Rodgers Quarry. At Freshour Quarry, measurements were recorded at 1 ft (0.3048 m) 
stratigraphic intervals along the entire length of the west wall. Eight readings were recorded at 
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each interval. Due to similarity, at the remaining locations eight readings were recorded at 2 ft 
(0.6096 m) stratigraphic intervals along the entire outcrop. The high and low values at each 
interval were disregarded and the remaining six numbers averaged. These values were rounded 
to the nearest whole number to produce gamma log curves. These curves can be found in the 
stratigraphic profiles within Appendix A.  
     Samples were collected along the length of the outcrop for later reference. At each outcrop 
one sample collected from a sand unit was made into a standard 0.03 mm thick thin section for 
analysis. Point counting was conducted using the Gazzi-Dickenson point-counting method. 
Tourmaline chemistry was analyzed using a microprobe and categorized into one of several 
distinct source rock types based on the ratio of Al-Fe-Mg, according to Henry and Guidotti 
(1985).  
 
4.2: Outcrop Descriptions  
4.2.1 Rodgers Quarry 
     The Rodgers Quarry, an active quarry about 15 miles north of Morrilton, Arkansas with a 
wall height approximately 13 m, is composed of gray, quartz-rich sandstone with slight orange-
tan discoloration on weathered surfaces. Beds reach approximately 1 to 2 m in thickness (See 
Fig. 1.1 for location). Generally, beds are parallel layered, but occasional flat-topped, lenticular-
shaped beds are present, which are roughly 1 to 2 m thick and 10 m wide (Fig. 4.1). Observations 
made from blast debris piles show that black, flattened-oval-shaped rip-up clasts are common in 
horizontal planes. Boulders located in blast debris piles exhibit ripple cross lamination, load 
casts, laminated sands and iron-oxide stains. 
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4.2.2: Morrilton A and B 
     The Morrilton section consists of four consecutive roadcuts, along Hwy 9 south of Morrilton, 
Arkansas. They will be named Mor A, Mor B, Mor C, and Mor D for organizational purposes. 
Mor A is the northern-most outcrop and Mor D is the most southern roadcut. Each roadcut is 
exposed at the crest of an anticline and are separated in the valleys by about 400 m of shale on 
average. Mor A and Mor B represent two limbs of an anticline. Mor B is composed of two units, 
named here Unit 1 and Unit 2 (Fig. 4.2). The base of Unit 1 consists of 13 m of alternating 
laminae of sandstone and siltstone. Laminations average approximately 1 cm in thickness. The 
sandstone laminae are fine-grained, silty, micaceous, black to gray in color, and flaser-bedded. 
Figure 4.1: Lens-shaped bed at Rodgers Quarry (outlined in yellow). 
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The siltstone laminations are black to gray in color with less apparent mica flakes. Above 13 m 
the sand layers increase slightly in thickness, reaching 2.5 to almost 9 cm, and contacts become 
wavy. The silt layers become very thick, ranging from about 2.5 cm to over 3 m with no typical 
pattern, and contain minor intercalated, flaser-bedded sands. This unit ends abruptly and is in 
sharp contact with the overlying sandstone, Unit 2. 
                                    
 
 
Figure 4.2: At outcrop Mor B Unit 1 (shale) is in 
sharp contact with Unit 2 (sandstone). 
Unit 1 
Unit 2 
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     Unit 2 is composed of 12.5 m of very fine-grained, medium to light gray, subrounded, well-
sorted sandstone. Beds range in thickness from about 1 cm to 0.6 m. Most beds display 
amalgamated contacts. Clay drapes occur infrequently and are associated with loading features. 
Pinch-and-swell geometry becomes prevalent upsection. Near the top of the section 
compensational stacking of lenticular beds becomes common. Liesengang banding is abundant in 
the upper quarter of this unit.  
     Because Mor A is the opposing limb of the fold formed with the section at Mor B, the 
lithostratigraphy is very similar and a detailed description of Mor A will be omitted. There are, 
however, several differences between the two outcrops worthy of note. The base of Unit 2 at Mor 
A is composed of lenticular sand beds, which are slightly larger in width than similar beds found 
within Mor B. Upsection Mor A this compensational stacking decreases in frequency and wavy 
bedded parallel packages develop. Also developed toward the top of the section are alternations 
of thicker (averaging about 1 m) and thinner (averaging about 0.2 m) sand layers. 
 
4.2.3: Morrilton C 
     Mor C is characterized by four identifiable units (Fig 4.3). Twenty-one meters of very black, 
shale, approximately 1 cm thick laminae with rare, intercalated sandstone intervals reaching 
about 2.5 cm thickness, forms basal Unit 1 at Mor C. Several carbonate-rich layers, which range 
from  roughly 1cm to 13 cm thick, occur within unit 1 between 13 m and 17  m. Unit 1 grades 
into the alternating silty sandstone and shale layers of Unit 2. Unit 2 reaches a thickness of just 
over 6 m. It is composed of alternating layers of black shale about 1 cm thick, and interbedded 
fine-grained, silty, dark gray sandstone and black, thickly laminated, wavy bedded, slightly 
bioturbated shale. The thickness of both the sandstone and interbedded sand/shale layers 
 39 
increases upsection. The sandstone layers become less clay-rich upsection, also. A gradational 
transition from Unit 2 to the overlying sandstone marks the base of Unit 3. 
 
 
           
 
 
 
     Unit 3 consists of 9.75 m of alternating beds of gray, fine-grained, well-sorted, iron stained, 
massive sandstone exhibiting occasional pinch-and-swell geometry and interbedded silty sand 
and shale. The interbedded layers show wavy contacts and black nodules. Both the sand and 
interbedded shale layers become thicker upsection. The top of Unit 3 grades into the interbedded 
black silt and shale of Unit 4. Unit 4 becomes more shale-rich upsection and is 9.75 m thick. 
 
Unit 3 
Unit 2 
Unit 1 
Figure 4.3: Photograph of outcrop Mor C showing Units 1, 2, and 3. Stratigraphic 
top is toward the left of the photograph. Unit 4 cannot be seen in this photo. 
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4.2.4: Morrilton D 
     Three stratigraphic units, totaling 49.6 m in thickness, form Mor D (Fig. 4.4). Unit 1 is 25 m 
thick and composed of black shale with interbedded silt layers. Shale and silt layers average 
about 1 cm in thickness. Maroon discoloration on weathered surfaces indicates the presence of 
iron-oxide minerals. The laminations in this unit coarsen upsection. The top of the unit is marked 
by an abrupt transition to Unit 2. 
     Three meters of alternating sand and silt layers form Unit 2. The sand beds are composed of 
fine-grained, light gray, well-sorted sandstone beds averaging 3 to 8 cm in thickness. 
Laminations of the interbedded shale are about 1 cm thick with shale intervals reaching 
thicknesses of roughly 2.5 to 8 cm. The upper boundary of the unit forms a sharp contact with 
the overlying sand unit. 
            
 
     Unit 3 is composed of 22 m of well-sorted, light gray sandstone, stained maroon on weathered 
surfaces. The lowermost 3 m ranges from 2 to 3 m, exhibits silt partings, pinch-and-swell-
Figure 4.4: Condensed stratigraphic profile 
showing the three stratigraphic units of 
outcrop Mor D. Unit 1 is on the bottom, Unit 
2 is in the middle and Unit 3 is on the top.  Unit 3 (22m) 
Unit 2 (3 m) 
Unit 1 (25 m) 
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geometry and occasional black, oval-shaped, shale clasts. The interval between 3 and 4 meters 
within this unit is marked by a change in bed thickness to an average of about 3 cm to 8 cm. 
Bedding contacts are wavy and amalgated, and the beds display internal black cross-laminae. At 
4 m within the unit average bed thickness increases overall and varies from about 8 cm to 2 m 
within the remaining 18 m, while contacts initially exhibit silt drapes, but become amalgamated 
upsection. Internally, beds are cross- laminated becoming massive in appearance upsection.  
 
4.2.5: Conway Roadcuts 
     The Conway roadcut, located west of Conway, Arkansas, off Hwy 64, is structurally 
deformed by faults and folds. The section is broken into seven identifiable units, totaling nearly 
212 m of stratigraphic thickness.The base of the section is formed by 21.7 m of black shale with 
reddish-tan discoloration on weathered surfaces. Shale laminae reach 1 cm. This unit is folded, 
exhibiting a syncline offset from its associated anticline by a normal fault. The contact between 
the Unit 1 shale and the overlying Unit 2 sandstone is very sharp. 
     Unit two is composed of 4.2 m of very fine-grained, quartz-rich well- lithified, dark gray 
sandstone. Grains are moderately sorted and angular to sub-angular in shape. Weathered surfaces 
are light gray in color and exhibit reddish-brown stains. Layers are 8 to 15 cm thick, pinch out 
up-dip (Fig. 4.5), and exhibit minor bioturbation and nodules. Shale drapes are present and 
become more common upsection. Towards the top of the unit the sand beds become less thick 
(2.5 to 8 cm), silty, cross- laminated and interbedded with silty, black micaceous shale. Shale 
laminae average 1 cm thick.  
      A sharp contact marks the base of Unit 3, which has a thickness of 46 m. The unit is 
characteristically a black to gray, quartz-rich siltstone ranging from 7 to 15 cm thick. Of minor 
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occurrence are large crystals of quartz, possibly secondary growth, and clusters of discontinuous, 
linearly deposited quartz pebbles deposited at uneven intervals (Fig 4.6). Orange-brown stains 
are evident and some beds are cross- laminated. Loading features are frequent throughout.  
                                   
 
 
 
 
 
Figure 4.5: Photograph of Unit 2 at the Conway roadcut 
showing beds that pinch out laterally. The right side of 
the photograph is the upsection side.  
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Minor shale drapes are associated with some beds, but become less common upsection. Bed 
thickness ranges from 0.5 cm to 1 cm. Beds near the middle of the unit are bioturbated. The unit 
becomes more organic-rich as evidenced by darkened color. Beds become more frequently 
wavy-bedded, and discontinuously flaser-bedded upsection. Some beds exhibit pinch and swell 
Figure 4.6: Photograph of Conway roadcut Unit 3 showing 
enlarged quartz grains marked by arrows. 
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geometries. Occasionally, beds pinch out towards the top. Partings exhibit a graphite- like 
appearance. Occasional interbeds of cleaner, quartz-rich sandstone become common near the top 
of the section exhibiting a gradational transition to Unit 4. 
     Unit 4 is composed of 52.6 m of clean, light gray, well- lithified, very fine-grained sandstone 
with well- rounded and well-sorted grains. Beds range from 3 cm to 1 m with amalgamated, wavy 
contacts. Basal portions lack laminations, while the middle and upper portions of this unit 
display dark gray to black laminations and cross- laminations. Ripples are preserved throughout 
the unit. Occassionally, some ripples appear symmetric, while others exhibit a more asymmetric 
geometry along a single plane making it difficult to interpret if the asymmetry is related to mode 
of formation or to post deformation. Intercalated black, silty, oval to lenticular shaped rip-up 
clasts are exposed in a linear fashion within beds that lack laminations. Burrows parallel to 
bedding planes (Fig 4.7) are a typical feature throughout the unit. Some beds are intensely 
bioturbated. Tool marks and current ripples show a western paleocurrent direction. Bedding 
planes are marked by a graphite- like coating. Near the middle of the unit beds occasionally 
exhibit pinch-and-swell geometry or pinch-out laterally. Also in the middle region shale drapes 
and loading features become common. Near the top of the unit interbedded siltstone and 
abundant discontinuous, shaley lenses appear. Hummocky beds are evident in the upper portions 
(Fig 4.8). The top of the section is marked by a sudden change to wavy bedded, rippled, 
bioturbated sandstone with shale partings. Sandstone layers alternate in thickness from about 1 
cm to about 25 cm.  
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 Figure 4.7: Photograph of Conway roadcut Unit 4 showing burrowing parallel to 
bedding planes. Yellow arrows point to burrows. Scale bar is in inches. 
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     Unit 4 gradually transitions into the alternating sandstone and shale of Unit 5, which is 23.7 m 
thick. Sand layers are quartz-rich, medium to dark gray in color, and exhibit loading features, 
wavy contacts, occasional asymmetric ripples, and pinch-and-swell geometry. Beds range from 1 
to 7 cm in thickness. More prominent sand layers occur approximately every 63 to 76 cm (25 to 
Figure4.8: Photograph of Conway roadcut Unit 4 illustrating hummocky 
bedding. Yellow arrows point to hummocky layers.  
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30 inches). Alternating layers are formed by black, slightly silty shale. At about 5 m from the 
bottom, the layers of Unit 5 are disrupted by a fault. Toward the middle of the unit the alternating 
layers of sand and shale become more equant in thickness (about 3-6 cm). Burrows, which are 
oriented parallel to bedding planes, become common in the shale layers. Approximately 9 m up 
from the bottom of the unit the sand layers become more silt-rich. In the uppermost 5 m of Unit 5 
the sand layers become thicker (up to about 18 cm) and the shale interbeds continually decrease 
in thickness (down to less than 1 cm) towards the top of the unit. Unit 5 gradually transitions into 
Unit 6.  
     Unit 6 is composed of just under 11 m of quartz-rich, well-sorted, gray sandstone with black 
shale partings between beds. Sandstone beds range from 7 cm to 1 m in thickness and exhibit 
loading structures, and occasional ripples. The tops of beds are commonly very micaceous. Shale 
partings transition to thicker (about 1 to 2 cm) silty shale layers in the uppermost 3 m of the unit. 
     Unit 7 is 52.8 m thick and overlies Unit 6. Unit 7 is composed of alternating sandstone and 
shale very similar to that seen in Unit 5. Sand layers range in thickness from about 3 cm to 1 m. 
These sands are well-sorted, quartz-rich, gray in color, occasionally exhibit pinch-and-swell 
geometry, ripples and loading features. Shale interbeds are black, silty and regularly bioturbated 
with burrows parallel to the bedding plane. From the base of the unit to about 10 m above the 
base the bed thickness decreases to about 1 cm. At 10 m above the base of Unit 7 the sand beds 
increase in thickness to about 3 to 8 cm for a 1.6 m interval, then return to a thickness of about 1 
to 3 cm. At approximately 13 m above the base of Unit 7 the color of the sand and shale beds 
becomes stained with an orange-brown discoloration marking the presence of iron-oxide 
minerals. Beds thin and become more silt-rich upsection. Just below 19 m black, flattened-oval 
shaped, clay, rip-up clasts become abundant within horizontal planes for approximately 3 m. 
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Near about 26 m above the base of Unit 7 sand bed thickness abruptly increases to a range 7 cm 
to 1 m. Silty shale interbeds thin to partings toward the top. Rip-up clasts remain common 
throughout. At about 37 m above the base of the unit rip-up clasts disappear and beds return to 
approximately 1 cm thickness of alternating sandstone and silty shale layers, which are tan in 
color and stained orange-brown to maroon on weathered surfaces. Sandstone beds decrease in 
thickness and frequency until the top of the unit. The top of the section is marked by an angular 
unconformity.  
 
4.2.6: Freshour Quarry 
     The Freshour Quarry is located on Arkansas State Highway 5 a few miles north of 
Jacksonville, Arkansas. The west wall of this quarry was studied, which displays four 
stratigraphic units (Fig. 4.9). The base of the Freshour Quarry deposits is formed by an 
undetermined thickness of very dark gray, micaceous, silty shale. Different types of vertical and 
horizontal burrows are common. Ripples show an overall northeast to southwest trend in flow 
direction. A large, vertically oriented, irregular section of thickly laminated, black shale is 
observed within this unit. Strike and dip for the section were measured using this basal unit and 
recorded values average around N73W and 18o dip to the southwest. A mud diapir can be seen in 
this unit as well.  
     Unit 2 is composed of 20.8 m of well-sorted, sub-rounded, quartz-rich, fine-grained sandstone 
and bed thickness ranges from 7 cm to 0.7 m. A sharp contact at 6.4 m indicates the beginning of 
a second cycle. Most beds have a silt drape, which sometimes exhibits minor bioturbation, wavy 
contacts and iron-oxide stains, as evidenced by a reddish-brown discoloration on the surface. The 
sandstone in the upper 16.5 m exhibits the same silt drape, iron stains, and wavy contacts. Some 
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beds in this portion of the unit show pinch-and-swell geometry and cross- lamination in both the 
sandstone and the overlying silt drapes, with cross- lamination becoming more abundant 
upsection. Primary jointing is oriented perpendicular to bedding. One normal fault cuts this unit 
and near this fault a secondary jointing pattern is developed at roughly 60o to bedding. 
            
   
     Unit 3 is 17.6 m thick and consists of alternating beds of sandstone and siltstone. Bed 
thickness ranges from 2.5 to 7.5 cm. The sandstone layers are characteristically moderately 
sorted, somewhat silty, well-rounded, fine-grained sand with wavy contacts, pinch-and-swell-
geometry and cross- laminations. The siltstone is typically coarse-grained, cross-laminated and 
exhibits wavy contacts. Both the sand and silt layers show an increase in organic-rich laminae as 
evidenced by more numerous dark gray to black laminae.  
     Unit 4 is approximately 3 m thick and is composed of laminated black shale. Laminae 
average 1cm thickness and lack bioturbation or other internal structures. Laminations are 
parallel-bedded, but contacts are slightly wavy in some places. 
Figure 4.9: Condensed stratigraphic 
column of the west wall of Freshour 
Quarry showing the three of the four units 
from right to left (Unit 1, Unit 2, and Unit 
3). 
Unit 4:  3 m 
 
 
 
 
Unit 3: 17.6 m 
 
 
 
 
 
 
 
 
Unit 2: 20.8 m 
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4.2.7: Weaver Quarry 
     The west wall of Weaver Quarry, which is located about 20 miles north of Little Rock, is 
approximately 62 m in measurable thickness and is subdivided into three major units (See Fig. 
1.1 for location) (Fig. 4.10). Unit 1 is comprised of approximately 40 m of primarily well-sorted, 
gray sandstone. The basal 2 m is void of sedimentary structures, beds are approximately 0.3 to 
0.4 m thick, and abundant fractures occur oriented at about 60o to bedding planes. Minor orange-
brown to maroon stains occur on weathered surfaces. From approximately 2 m to roughly 6 m 
the unit is disturbed by major faulting and folding. Fractures, slickensides, and rock flour are 
common. Sedimentary features present include cross- lamination, load casts and occasional 
ripples. Shale partings occur infrequently throughout. By about 10 m from the base structural 
deformation is reduced. At 12.5 m above the base of the section an abrupt change to alternating 
laminae of sand and black shale occurs and persists for approximately 0.3 m. Above this height 
sand beds, approximately 0.3 to 0.4 m thick, return but are now interbedded with layers of 
alternating sand and shale roughly 8 to 9 cm thick. The larger sand beds exhibit occasional 
ripples. Above about 20 m the alternating sand/shale interbeds cease and are replaced by black, 
shale partings. About 30.5 m above the base sand beds approximately 0.3 to 0.4 m thick are 
interbedded with layers of sand about 3 to 10 cm thick. At 33.5 m above the base the bed 
geometry changes from parallel-bedded to lenticular, compensationally stacked beds. Within 
these beds are interbeds of flaser-bedded sandstone, approximately 3 to 10 cm thick. Lenticular 
geometries disappear after about 38 m. The upper 6 m of Unit 1 is cross- laminated and contains 
minor amounts of rip-up clasts. One anomolously thick (3 m) sand bed is present at about 40 m. 
Above 40 m the wall was unmeasureable due to a large, unstable boulder pile so the last 15 m of 
section were described in a general sense and no detailed measurements were taken.  
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     Unit 2 is forms a sharp contact with the adjacent units on both the upper and lower bounding 
surfaces. Between 43 and 46 m above the base the unit changes to a flaser-bedded sandstone 
with symmetric ripples. Beds are approximately 8 to 30 cm thick. 
     Unit 3 is estimated to be 15 m thick and returns to a massive, gray sandstone with beds 
approximately 0.3 to 0.4 m thick. About 0.6 m above the base of Unit 3 one lenticular-shaped 
bed is present. The remainder of the unit is parallel-bedded. Towards the top of the section beds 
Unit 1 Unit 2 
Figure 4.10: Photograph of Units 1, 2 , and 3 of measured wall in Weaver Quarry. 
Notice the change in dip angle of beds in Unit 1 (just to the left of the “U” in the 
word “Unit”) indicating a fault zone. 
Unit 3 
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thin to just a few centimeters thick and become flaser-bedded. The unit grades to a dark gray 
sand with beds about 3 to 6 cm thick. 
 
4.3: Petrographic Analysis Methodology 
     Quartz- feldspar- lithic (QFL) ratios from all outcrops, as determined from point-count 
analysis, revealed very high percentages of quartz and relatively low percentages of feldspar and 
almost no lithic grains. The results from each sample are summarized in the following ternary 
diagram (Fig. 4.11). Accessory minerals include tourmaline, zircon, micas, pyrite and organic 
matter.  
     Tourmaline grains were studied in more detail and crystal chemistry was determined using a 
microprobe. The grains from all outcrops range from well-rounded to subangular in grain shape. 
Color ranges from light to dark brown, pale yellow, pale green and pale blue. The results from 
the microprobe analysis are summarized in the following Al-Fe-Mg ternary diagram (Fig. 4.12). 
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Figure 4.11: This QFL ternary diagram summarizes the point-
counting results from this study.  Notice that all values are located 
in the Q corner. The blow-up insert of the Q corner (bottom 
figure) provides a picture of the cluster that is more clear. 
Legend: Red-Freshour Quarry; Green-Morrilton outcrops; Blue-
Weaver Quarry; Purple-Conway; Pink-Rodgers Quarry. 
 54 
               
   Al
Fe Mg 
                   
 
 
 
 
Figure 4.12: Ternary diagram summarizing the results of the tourmaline 
chemistry analysis. NOTE: The Fe and Mg corners of the triangle begin 
at 50% abundance of that element. An explanation of the zones on the 
diagram is located in Chpater 5 (Fig 5.7) 
Lengend: Red- Freshour Quarry; Green-Morrilton outcrops; Blue-
Weaver Quarry; Purple-Conway; Pink-Rodgers Quarry. 
 55 
Chapter 5: Interpretations and Discussion 
5.1: Paleocurrent Direction 
 
     Paleocurrent data throughout Atokan deposits reflect extremely varied flow directions. 
Paleocurrent indicators showing a southerly flow direction are assumed to be related to 
deposition associated with the northern continent. Likewise, deposits indicating a northerly flow 
direction are assumed to have been derived from the southern continent, and those with 
paleocurrent directions toward the west were most likely sourced from the east through the axial 
transport system. 
     However, looking at aerial photographs (Fig. 5.1) or maps of the modern Mississippi Delta it 
is obvious that at any given point flow directions may be recorded which contradict the overall 
transport direction of the system. For example, the flow at South Pass is almost due southeast, 
but the flow direction at Main Pass is toward the north-northeast. This phenomenon presents a 
complication when investigating ancient deltaic deposits where it may be difficult or impossible 
to reconstruct the exact location of distributary channels in relation to both the individual delta 
lobe and the complex as a whole.  Therefore, paleoflow indicators at one geographic location 
present insufficient evidence to determine the overall transport direction of a fluvio-deltaic 
system.  
     In the case of the Arkoma Basin deltaics, deviations from the overall transport direction may 
be the result of crevasse splays, channel avulsion or a change in progradation direction forced by 
the closing of the irregular suture. It is plausible that the flow direction was forced to change as a 
result of basin closing and more closely follow the outline of the continental margin producing 
paleocurrents toward the northwest in eastern Arkansas and south-southwest directions into 
Oklahoma and Texas (Fig. 5.2). As a modern example, in the Pamir-Tien Shan region of central 
Asia (Fig. 5.3) it has been noted that as the rate of thrust sheet advance has increased, the rate of 
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downcutting of the Surkhob River has not equaled that of thrust sheet advance. This has forced 
the northward migration of the thrust front, which has pushed the river northward (Pavlis et al., 
1997). 
                            
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.1: Infrared satellite image of the modern Mississippi Delta lobe. Head 
of Passes, South Pass, Southwest Pass, Pass A Loutre, and Main Pass are 
marked for reference. Note the extreme variability of flow directions between 
the four main passes and the individual crevasse splays. 
Southwest Pass 
South Pass 
Pass A Loutre  
Main Pass 
Head of Passes 
N 
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Figure 5.2: The jagged nature of the suture zone may have forced the axial fluvio-
deltaic system to change direction as the suture migrated westward.  
Legend: Suture zone: pink; Reelfoot Rift: green; Anadarko-Ardmore Aulocogen: 
yellow. 
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Figure 5.3: The Pamir-Tien-Shan region of central Asia is marked by a northward 
advancing thrust sheet, which has forced the northward migration of the Surkhob 
River. The bright green arrow indicates the direction of flow for the Surkhob River.  
North is toward the top of the page. The continent of India forms the northward 
moving thrust sheet. 
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5.2: Bed Thickness 
     Original bed thickness is a function of several factors, including the duration and intensity of 
the depositional event, the location within the system, and the amount of scour by subsequent 
currents. When dealing with older deposits, compaction also becomes a variable affecting the 
present bed thickness. As such, thicker beds record times of increased sediment input or an 
increase in the duration of sedimentation. The lenticular shape of distributary mouth bar deposits 
results in thicker sand bodies near more centrally located portions of the deposit than proximal 
portions (Fig. 5.4).  The thickest part can be found just past the mouth of a distributary 
 
 
 
                                                     
                   
 
 
 
 
 
 
 
 
Figure 5.4: Due to the lens-shaped nature of distributary mouth bar deposits thicker sand 
deposits are found near the center, while thinner deposits are found near the edges. From 
proximal to distal direction a thinning and widening of the mouth bar takes place. 
Proximal 
Distal 
Thick 
Thinning 
Thinning 
Thin 
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     Because scour reduces the bed thickness it is important to examine the bounding contacts to  
determine if scour has occurred. A disruption of sedimentation, likely due to channel avulsion or 
seasonal decreases in sediment input, would probably yield a sudden fining-upward sequence 
due to suspension fall out away from the mouth of a distributary. If an amalgamated contact is 
present instead of a fining-upward contact between beds then it is possible that the lower bed was 
scoured before the subsequent depositional interval. If a bed has been scoured there is virtually 
no way to determine how much of the original thickness has been lost. Exceptions to this 
scenario include intervals in which beds show amalgamated contacts as well as sedimentary 
structures, such as ripples or bioturbation. When such features are preserved it is likely that no 
scour occurred between periods of deposition.  
 
5.3: Clay Drape vs. Lack of Clay Drape 
     Detailed outcrop study revealed that within major sand units, some beds are overlain by a thin 
shale or clay drape. These drapes occur at unpredictable intervals in all outcrop locations and 
range in thickness from a few millimeters to 2-3 centimeters. The presence or lack of clay 
drapes, such as these, may help to differentiate between periods of scour/non-deposition versus 
periods of continual deposition. Intervals recording continual deposition would include a clay 
drape above individual sandstone beds. Paucity of the clay drape may indicate an interva l of 
scour or non-deposition. Periods of scour or non-deposition may represent: 1) a change in the 
course of the distributary channel, or 2) seasonal variability in deltaic suspension plume density. 
The following provides a brief introduction to changes in deltaic suspension plume density as 
discussed by Oti and Postma (2000).  
      Differences in density result from variations in suspension load, temperature and salinity.  
Fine-grained sediments are more likely to be hypopycnal (plume flows along the surface of the 
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ambient basin water) transported because less force is required to move the grains (A.H. Bouma, 
pers. comm., 2002). Alternatively, coarser sand, which often contains less clay-sized material, is 
more often bottom transported (hyperpycnal) when the flow from the distributary channel 
encounters the open sea waters. Changes in seasonal conditions affecting temperature have been 
known to produce such variations in modern examples (Fig. 5.5). For instance, if the deltaic 
suspension plume has a lower temperature and/or salinity than the ambient water temperature of 
the basin, then the plume is likely hypopycnal, which means the plume will ride lower in the 
water column than if the same plume had a temperature higher than the basin water.  Likewise, 
increases in salinity increases the potential for bottom riding (hyperpycnal), or intrusive, plumes 
rather than surface plumes. These intrusive plumes would have the potential to scour previously 
deposited beds. Surface plumes, instead, would leave the sediment surface unscoured and would 
allow accumulation of a clay drape from suspension fall out. 
 
 
Figure 5.5: A) Plumes with lower 
density than the ambient basin 
water will flow near the water 
surface decreasing the chance for 
sediment scour to occur. B) When 
the plume has a higher density 
than the ambient basin water the 
plume will sink and flows nearer 
to the sediment-water interface 
increasing the chance of scour. 
A 
B 
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5.4: Bed Geometry 
     Two basic bed geometries were noted: 1) those that are parallel bedded, and 2) beds that are  
lenticular in shape (Fig. 5.6). This difference arises from deposition in different parts of the 
prograding delta. As the delta progrades, the distributary mouth bar makes jumps forward rather 
than a consistent, smooth movement. This stepping seaward of the distributary mouth bar results 
in the formation of local depocenters. Compensational stacking of lenticular beds occurs during 
deposition within the distributary mouth bar in association with the formation of a local 
depocenter.  Parallel bedding may reflect deposition between depocenters as the delta rapidly 
stepped forward. Parallel bedding may also indicate deposition in a bar-finger sand of a shelf-
edge delta, where compensational stacking does not occur due to increased accomodation space. 
 
 
 
 
Figure 5.6: Two primary bed geometries, lenticular and parallel-bedded, are seen in 
this photograph of roadcut MOR B. The lens-shaped beds are seen in the lower half of 
the photo, while parallel-bedded units are seen in the upper portion. 
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5.5: Organic Content 
     Organic material in delta plain, delta front and prodelta deposits is derived from plant material 
eroded from the banks of the fluvial system (H.H. Roberts, pers. comm., 2001). Thus, the 
amount of organic detritus deposited in the delta is controlled by the amount of vegetation 
available for erosion on the alluvial plain and whether or not the course of the river cuts into this 
vegetated topography. The concentration of organic matter is also affected by the amount of tidal 
activity the delta is subjected to (H.H. Roberts, pers. comm., 2001). Increased tidal effects act to 
dilute the concentration of organic material by both carrying organic particles away and bringing 
in additional mineral material. 
     The course of a river is unpredictable. It is obvious that a river will flow down hill, but the 
exact location of a meander that may erode available vegetation is impossible to predetermine. 
The amount of vegetation, however, is controlled by such things as climate, which can be 
reconstructed for particular paleoenvironments. During Carboniferous times, North America lay 
in equatorial regions and the climate was warm and humid overall. This allowed for the 
extensive growth of vegetation and swamp land, as evidenced by the Carboniferous coal beds. It 
is reasonable to assume that large quantities of vegetation were available for erosion in the 
alluvial valley of this fluvio-deltaic system. It is also believed that tidal activity played only a 
minor role in deltaic character so that insufficient tidal energy was available to dilute existing 
organic detritus. 
5.6: Mineral Assemblage and Provenance 
5.6.1: Quartz-Feldspar-Lithic Data  
     Mineralogic compositions of sedimentary rocks may reveal insight into possible source areas 
and source rocks. However, when dealing with mineral compositions of second- and third-order 
recycled sediments, care must be taken to prevent inaccurate interpretations. While it is true that 
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the original mineral composition of the parent rock should be represented in the final 
sedimentary product, it is also true that many other factors influence the final mineral 
assemblage of sedimentary rocks and sediments. It is imperative that these variables be 
considered before final interpretations are made. 
     Johnsson (1993) summarizes the factors that may influence the end mineral composition of 
sedimentary products. The source rock composition plays a major role in that if a certain mineral 
is not present in the parent rock then it would be impossible to preserve it in the end sedimentary 
rock. Another problem with source rock involves large fluvial systems and the ability of such 
systems to tap into multiple source areas to yield a mixed petrofacies.  
     The process of weathering acts to break down less stable minerals. Factors such as climate, 
amount of vegetation, alluvial storage, soil residence time, relief, transport distance, soil 
residence time, composition of water, sediment load, energy of the system and the tectonic 
setting all affect the weathering process by either increasing or decreasing the effects of 
weathering.  
     The Arkoma delta sediments would have been affected by many of these variables. During 
mid-Mississippian to late-Mississippian time North America lay in equatorial latitudes and the 
climate was tropical. This warm and humid climate would have increased the effects of 
weathering of unstable minerals, such as the feldspars, quickly removing them leaving a final 
sedimentary product deficient in feldspar. Much of these sediments were likely derived from a 
long meandering fluvial system, thus, increasing the duration of weathering due to low relief, 
long distance and alluvial storage. This would produce sediments enriched in more resistant 
minerals, such as quartz.  
     Combining the effects of all factors involved quickly leads to the conclusion that the Arkoma 
Basin deltaic sediments should be very enriched in more resistant minerals, such as quartz, 
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zircon, and tourmaline, provided they were present in the parent rock. It would also be expected 
that these deposits be depleted in unstable minerals, such as the feldspars due to the effects of 
weathering. Because this was a large fluvial system it is logical to assume that the end 
sedimentary product may represent a mixed petrofacies making interpretation of source area 
extremely difficult. Petrographic analysis of sandstone samples resulted in sands enriched in 
quartz and depleted in feldspar and other unstable minerals, which is consistent with the above 
conclusions. 
5.6.2: Tourmaline  
     When dealing with a complicated petrofacies, such as in the case of the Arkoma Basin deltas, 
 it may be possible to use other methods, such as zircon dating or tourmaline chemistry to 
determine possible source rocks. Because dating detrital zircon is expensive and performed by 
only a small number of laboratories, the chemical composition of tourmaline was analyzed in an 
attempt to constrain possible source areas. 
     Krynine (1946) originally discussed the advantages of using tourmaline in provenance 
studies, identifying the mineral as chemically and mechanically ultra-stable. Because it is the 
most weathering-resistant of all common minerals, tourmaline may be an excellent mineral for 
use in provenance studies in systems where traditional QFL plots may be insensitive to true 
provenance due to external factors, such as travel distance, climate, etc. 
     There are five main types of large scale provenance possibilities for tourmaline (Krynine, 
1946). Type 1: Granitic tourmaline: formed within igneous plutonic bodies as an end-phase 
product. Type 2: Pegmatitic tourmaline :formed from pegmatites and vein rocks. Type 3: 
Tourmaline from pegmatized injected metamorphic terranes. Type 4: Sedimentary authigenic 
tourmaline (cold water) formed at the sea bottom penecontemporaneously with the including 
sediment. Type 5: Reworked tourmaline from older sediments. This last variety is probably the 
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most abundant source of detrital tourmaline because the mineral exhibits a high potential to 
survive several cycles of erosion and deposition. 
     When the data are plotted on Al-Fe-Mg tourmaline environmental diagrams, (Henry and 
Guidotti, 1985), the points cluster in zones indicating a few distinct high grade metamorphic and 
igneous sources (Fig. 5.7). These sources include Li-poor granitoids; and Fe3+ -rich quartz-
tourmaline calc-silicate rocks. The most reasonable source of high-grade metamorphic rocks at 
this time was the newly uplifted Appalachian mountain belt of eastern North America. 
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Figure 5.7 a) Al-Fe-Mg tourmaline environmental diagram showing associated source 
rock zones. 1-Li-rich granitoid pegmatites and aplites; 2-Li-poor granitoids and their 
associated pegmatites and aplites; 3-Fe 3+ -rich quartz-tourmaline rocks, 4-Metapelites 
and metapsammites coexisting with an Al-saturating phase; 5-Metapelites and 
metapsammites not coexisting with an Al-saturation phase; 6-Fe3++-rich quartz 
tourmaline rocks, calc-silicate rocks, and metapelites; 7-Low-Ca metaultramafics and 
Cr, V-rich metasediments; 8-Metacarbonates and meta-pyroxinites (Henry and 
Guidotti, 1985). b) Results from Atoka Formation deltaic sandstone beds plotted on 
Al-Fe-Mg tourmaline environmental diagram. 
A B 
 67 
Chapter 6: Provenance and Depositional Model 
 
6.1 Provenance 
 
     The ultimate direction of sediment source for the Atoka Formation, as stated in earlier 
chapters, is unresolved in the literature. The two primary scenarios involve: 1) a sediment source 
from the northern craton derived from the Illinois Basin via the Reelfoot Rift (see Fig. 2.4); and 
2) an eastern source of sediment associated with the Appalachian mountains and situated parallel 
to the trend of the range (see Fig. 2.5). These two possibilities have been discussed in previous 
chapters, but this section investigates these two possibilities in further detail. 
     Traditionally, quartz- feldspar- lithic (QFL) ternary plots were the primary data used to 
determine provenance in the Arkoma Basin deposits (Stone, 1968). Analysis of middle to upper 
Atokan sandstone samples yields point counts with a high relative percentage of quartz grains 
compared to feldspar and lithic grains. Point counting results from the present study achieved 
similar results. These high quartz ratios led to the assumption that the source was of cratonic 
origin.  However, traditional use of QFL data in this system is unreliable for determination of 
provenance (see Chapter 5 for detailed explanation). This QFL data had been supplemented with 
paleoflow indicators from individual outcrops to add support to the theory of cratonic origin. As 
discussed previously (Chapter 5), paleoflow data at the outcrop level are also unreliable in this 
system with regard to provenance determination.  
     After the acceptance of plate tectonic theory new ideas regarding the Ouachita orogeny and 
the Arkoma Basin began to arise. Upon comparison of the Arkoma Basin with modern analogs, 
such as the Himalayan-Bengal Fan system, the concept of an axial transport system parallel to 
the trend of the Appalachians was proposed (Graham et al., 1974). The head of this system 
migrated in an overall westerly direction as the suture zone migrated as a result of oblique 
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collision. This concept was supported by the average regional paleoflow as determined by over 
10,000 paleoflow indicators in multiple outcrops. Sandstone samples, primarily from the Lower 
to Middle Atoka Formation, were analyzed using traditional point-counting methods and plotted 
on ternary diagrams. This yielded sandstone petrofacies within the range of a recycled orogen 
provenance.  
     The present study used the chemistry of detrital tourmaline as an alternate means of 
provenance determination. The results suggest that the original sediment source was restricted to 
a few distinct high-grade metamorphic and igneous sources. Investigation of exposed sources of 
this petrofacies at the time of Atokan deposition suggests that an eastern source associated with 
the Appalachian-Ouachita orogenies is more probable than a northern cratonic source from the 
Illinois Basin. During the middle to late Paleozoic, the most significant metamorphic rocks 
exposed were associated with the Appalachian mountains.  According to literature, no 
metamorphic rocks are associated with Illinois Basin deposits of Paleozoic time.  
     In addition to the interpretation of the tourmaline analysis, several other lines of evidence 
support this hypothesis. First, the Atoka Formation is laterally extensive extending from 
Arkansas into eastern Oklahoma, where it is referred to as the Lynn Mountain Formation. It is 
less likely that a point source from the northern craton could deposit such widespread units. It is 
reasonable to assume, however, that a system migrating from east to west could be responsible 
for such extensive units. Second, the Paleozoic units within the Illinois Basin are primarily 
carbonates and shales with minor silt and sand units (Fig. 6.1) (Collinson et al., 1988). It is less 
likely that a sufficient amount sand sized particles could have originated from the Illinois Basin 
to construct sandstone deposits with a thickness and lateral area equal to the Atoka Formation. 
Third, both the Himalyan-Bengal Fan system, as well as the Papuan system, provide reasonable  
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Figure 6.1: Overall stratigraphic profile for the Illinois Basin. Note the paucity 
of sand-rich units during middle Paleozoic time. From Collinson et al. (1988). 
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modern analogs to the Appalachian-Ouachita system. In both of these modern examples the 
majority of sediment is provided by an axial transport system associated with the migrating 
suture zone. Sediment sourced from the colliding plates is of minimal importance to the overall 
system in both modern analogs. Therefore, it is reasonable to assume that in the case of the 
Ouachita system very little sediment supplied by either the northern or southern colliding body 
was a significant sediment source to the system as a whole. Instead, an axial transport system 
migrating along with the suture zone was most likely the primary source of sediment. 
                                                        
6.2: Depositional Model 
     During middle Paleozoic time it is likely that a minor northern source associated with the 
Reelfoot Rift was delivering fine-grained sediments from the Illinois Basin to the Iapetus Sea 
(Fig. 6.2). These deposits would have been a local feature confined to parts of present-day 
extreme northeastern Arkansas. Sedimentation associated with the Appalachian-Ouachita system 
was likely confined to the Black Warrior Basin east of present-day Arkansas. Sediments supplied 
to the Arkoma Basin would have been limited to extreme deep-water sediments.  
      During late Paleozoic time the suture zone of the Appalachian-Ouachita orogeny had 
migrated into present-day Arkansas and the Arkoma foreland basin was receiving large volumes 
of sediment (Fig. 6.3). Sedimentation in the foreland basin was likely controlled primarily by the 
axial transport system that had developed as a result of the migrating suture zone. The northern 
source may have continued to supply minor amounts of sediment to northern-most Arkansas. It 
is just as probable that the initial phases of uplift in the area had already cut off this northern 
sediment source. By latest Paleozoic time collision was complete and the Ouachita mountain belt 
had been uplifted.  
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Figure 6.2: Map and associated cross-section depicting one possible depositional scenario for 
the southern regions of the North American continent during middle Paleozoic time. 
 72 
 
 Figure 6.3: Map and associated cross-section depicting one possible depositional scenario for 
the southern regions of the North American continent during late Paleozoic time. 
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Chapter 7: Conclusions  
     The investigation of Atokan deltaic deposits within the Arkoma foreland basin yields several 
distinct variations. Paleoflow directions can be affected by both the overall course of the river 
system, as well as branching of distributary channels and crevasse splays. Differences in bed 
thickness can be affected by the duration and rate of the depositional event. Two distinct bed 
geometries, parallel bedded and lenticular, result from the location within the complex at the 
time of deposition. The amount of organic matter is a function of 1) the amount of vegetation 
eroded by the river system, and 2) the effects of waves and tides to dilute the concentration of 
organic matter. The minerals present are a result of the composition of the parent rock coupled 
with the effects of weathering as the sediments move downstream. Gradual transitions from one 
lithology to another within a single outcrop record a relatively complete change from one 
depositional environment to another by means of progradation, retrogradation or channel 
avulsion. Sharp changes in lithology record either very rapid changes in depositional 
environment or periods of erosion. The former is more likely in a progradational delta setting. 
Increased understanding of the processes responsible for variations in deposits may lead to more 
meaningful deltaic facies models. 
     The provenance of these deposits has been unresolved in the literature. The two proposed 
source areas include 1) a northern cratonic source, and 2) an eastern Appalachian source. The use 
of detrital tourmaline provides an alternate way to trace provenance as traditional QFL methods 
have been inconclusive. The restriction of the tourmaline to a few distinct high-grade 
metamorphic and igneous source rock possibilities suggests that the source area for the sediment 
was from the east via the Appalachian axial transport system.  
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704 232 224 233 244 231 242 210 257 234.3 
702 228 209 212 225 229 214 208 236 219.5 
700 247 226 235 235 220 211 209 250 229 
698 218 225 220 224 230 233 208 237 225 
696 212 228 222 224 223 229 204 235 223 
694 231 227 230 229 243 237 223 244 232.8 
692 235 250 240 236 240 233 232 253 239 
690 212 205 198 208 213 211 195 225 207.8 
688 225 223 213 222 216 217 211 233 219.3 
686 218 231 219 237 221 218 217 243 224 
684 211 217 212 227 222 217 189 234 217.6 
682 215 222 221 223 217 219 214 234 219.5 
680 215 232 221 208 215 219 200 247 218.3 
678 223 227 227 223 222 223 220 238 224.1 
676 246 248 242 237 238 246 229 249 242.8 
674 271 262 265 254 258 266 251 274 262.6 
672 244 247 256 240 252 259 235 262 249.6 
670 258 246 264 259 262 249 245 276 256.3 
668 251 257 250 248 275 257 241 275 256.3 
666 281 286 287 294 274 281 265 296 283.8 
664 309 306 290 300 301 278 274 312 297.3 
662 294 279 271 275 260 279 256 296 276.3 
660 246 247 256 259 254 260 245 271 253.6 
658 253 252 239 237 251 231 213 261 243.8 
656 257 277 252 267 249 260 247 280 260.3 
654 239 216 217 238 223 224 214 255 226.1 
652 221 220 217 224 222 221 205 229 220.8 
650 234 239 230 234 224 233 215 239 232.3 
648 212 203 191 212 194 186 184 214 199.6 
646 175 193 184 179 176 175 173 203 180.3 
644 207 210 188 193 207 193 181 218 199.6 
642 202 212 206 214 208 218 193 218 210 
640 216 208 210 209 212 201 200 229 209.3 
638 193 205 198 196 185 203 182 207 196.6 
636 233 222 236 212 224 220 203 244 224.5 
634 184 199 195 202 212 207 177 214 199.8 
632 175 188 185 186 182 188 168 201 184 
630 216 204 198 200 206 193 190 218 202.8 
628 218 230 218 219 226 225 208 238 222.6 
626 191 208 207 199 201 200 188 215 201 
624 186 191 200 187 190 199 181 201 192.1 
622 175 177 181 166 177 173 142 183 174.8 
620 191 177 190 176 194 191 169 200 186.5 
618 207 199 214 210 214 205 194 220 208.1 
616 211 215 209 215 213 221 194 225 214 
614 244 221 225 224 232 232 221 246 229.6 
612 276 267 278 262 291 260 255 302 272.3 
610 283 272 271 262 270 268 258 292 271 
608 267 267 260 289 283 269 259 292 272.5 
Feet above base High Low Average 
Conway Gamma Log 
 143 
606 272 280 286 267 276 266 262 300 274.5 
604 264 258 264 268 265 261 252 287 263.3 
602 274 280 287 284 268 270 267 290 277.1 
600 304 298 309 301 310 314 295 320 306 
598 305 309 304 298 301 305 296 312 303.6 
596 310 322 312 311 302 294 288 324 308.5 
594 311 328 317 300 311 323 299 338 315 
592 306 305 308 305 336 314 300 347 312.3 
590 358 313 306 286 278 306 222 338 299.5 
588 296 283 296 300 294 293 281 302 293.6 
586 285 293 290 285 290 283 272 303 287.6 
584 268 274 273 270 286 291 261 297 277 
582 282 280 259 261 266 276 256 283 270.6 
580 265 262 263 267 262 255 242 269 262.3 
578 255 253 246 253 246 256 241 259 251.5 
576 220 241 243 231 228 234 214 251 232.8 
574 228 229 226 221 222 227 218 229 225.5 
572 235 237 223 242 226 223 221 246 231 
570 235 233 245 236 228 236 233 250 235.5 
568 235 235 229 231 230 233 223 241 232.1 
566 224 200 232 225 221 226 198 231 221.3 
564 247 240 243 254 246 242 238 258 245.3 
562 243 251 236 240 235 245 218 260 241.6 
560 280 279 271 269 280 288 263 384 277.8 
558 296 306 293 294 294 299 290 317 297 
556 293 305 314 315 300 305 288 326 305.3 
554 290 295 311 294 299 289 281 314 296.3 
552 306 300 301 280 275 303 268 319 294.1 
550 314 298 323 315 302 313 284 331 310.8 
548 326 331 316 324 318 314 306 384 321.5 
546 290 301 302 294 298 305 278 306 298.3 
544 251 250 260 256 256 255 250 261 255.6 
542 228 213 233 229 217 218 212 268 223 
540 260 253 268 253 250 254 246 268 256.3 
538 238 228 246 253 245 246 238 259 242.6 
536 258 256 267 255 268 269 248 275 262.1 
534 269 274 280 266 278 265 261 288 272 
532 249 244 264 242 250 241 239 275 248.3 
530 261 238 257 241 245 263 232 275 250.8 
528 247 251 269 241 257 271 240 273 256 
526 254 251 254 256 248 256 240 269 253.1 
524 260 265 261 267 266 258 244 268 262.8 
522 232 239 237 239 244 245 229 248 239.3 
520 245 243 228 234 230 236 224 246 236 
518 249 256 258 234 233 237 227 261 244.5 
516 237 239 233 242 240 234 226 253 237.5 
514 250 253 255 244 239 235 228 257 246 
512 247 256 238 248 237 254 222 265 246.6 
510 254 260 252 254 258 251 244 281 254.8 
508 232 245 233 234 235 241 223 251 236.6 
Low High Average Feet above base 
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506 247 255 262 254 245 241 239 268 250.6 
504 266 249 254 264 263 264 223 274 260 
502 252 258 245 247 240 239 239 270 246.8 
500 219 226 233 225 228 230 211 238 226.8 
498 249 252 234 243 249 245 232 251 245.3 
496 243 212 234 237 226 209 199 246 226.8 
494 237 239 242 236 238 235 229 250 237.8 
492 256 258 248 250 246 252 245 279 251.6 
490 257 256 269 264 255 260 238 288 260.1 
488 290 270 295 288 298 272 266 296 285.5 
486 321 298 322 308 303 309 286 336 310.1 
484 305 318 316 294 296 306 282 320 305.8 
482 297 294 298 313 295 299 288 316 299.3 
480 317 326 304 318 328 315 302 330 318 
478 330 324 330 317 327 335 307 344 327.1 
476 313 291 315 311 305 316 317 282 296.6 
474 339 356 359 331 351 357 321 365 348.8 
472 351 333 324 324 332 339 310 358 333.8 
470 309 321 324 305 324 321 294 332 317.3 
468 334 333 328 341 344 353 322 355 338.8 
466 338 334 341 361 314 343 301 343 281.6 
464 329 325 316 307 301 306 289 334 314 
462 324 325 324 331 345 325 316 347 329 
460 375 354 369 357 362 366 337 376 363.8 
458 323 323 320 319 331 320 315 347 322.6 
456 322 314 311 299 289 319 289 331 309 
454 329 313 319 317 314 317 301 335 318.1 
452 332 343 345 343 330 336 328 346 338.6 
450 334 326 336 337 350 338 318 351 336.8 
448 373 371 391 384 381 382 359 400 380.3 
446 358 344 358 345 355 360 342 373 354 
444 362 357 375 369 368 371 351 384 367 
442 340 364 347 343 356 354 340 374 350.6 
440 334 330 325 323 326 340 322 336 329.6 
438 339 340 364 339 347 343 336 364 345.3 
436 311 325 318 332 321 326 308 333 322.1 
434 342 361 367 356 361 368 328 381 359.1 
432 325 374 344 340 334 344 329 380 345.1 
430 328 329 320 341 324 328 307 343 330 
428 358 369 350 360 370 356 333 371 360.5 
426 349 378 359 369 361 352 342 401 361.3 
424 325 335 306 330 326 323 300 337 324.1 
422 319 325 321 325 312 309 307 396 318.5 
420 306 321 301 321 311 302 277 398 310.3 
418 269 286 277 287 267 268 264 296 275.6 
416 250 262 254 260 259 267 246 285 258.6 
414 268 249 260 265 261 244 236 279 257.8 
412 248 238 228 227 231 235 216 251 234.5 
410 239 224 229 239 236 227 222 250 198.1 
408 234 245 244 246 243 237 233 267 241.5 
Low  High   Average Feet above base 
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406 260 268 274 266 258 268 255 275 265.6 
404 292 260 281 294 282 280 256 302 281.5 
402 289 270 284 278 280 286 266 300 281.6 
400 276 293 279 284 291 290 272 305 285.5 
398 304 278 305 319 317 296 295 331 303.1 
396 306 293 295 290 297 288 288 324 294.8 
394 277 279 289 301 291 273 259 304 285 
392 291 284 294 278 287 282 272 297 286 
390 276 284 278 286 286 271 270 292 280.1 
388 273 236 270 259 268 261 258 281 265.6 
386 240 269 240 256 247 243 238 275 249.1 
384 249 256 270 264 261 266 233 278 261 
382 271 253 261 270 269 268 251 278 265.3 
380 240 230 227 234 248 228 228 253 234.5 
378 240 259 240 256 266 261 231 279 253.6 
376 246 228 255 229 243 242 224 265 240.5 
374 242 240 245 223 228 243 221 263 236.8 
372 240 255 252 242 239 237 233 256 244.1 
370 228 232 227 226 224 234 224 237 228.5 
368 227 217 227 214 221 228 213 229 222.3 
366 217 214 210 217 207 206 197 229 211.8 
364 218 224 235 228 210 232 201 235 224.5 
362 227 226 212 210 231 215 211 232 220.1 
360 236 223 236 236 238 227 206 239 232.6 
358 228 219 232 233 244 236 206 239 232 
356 236 230 231 229 225 227 221 247 229.6 
354 244 240 257 252 248 252 222 269 248.8 
352 242 227 220 245 234 227 217 255 232.5 
350 245 258 264 267 258 261 236 267 258.8 
348 240 238 252 240 252 243 238 259 244.1 
346 234 236 236 245 235 231 216 257 236.1 
344 227 234 245 239 247 221 219 247 235.5 
342 228 232 225 217 239 238 212 237 229.8 
340 219 232 227 237 234 235 214 238 230.6 
338 242 225 236 231 221 240 216 258 232.5 
336 246 245 250 241 242 247 236 254 245.1 
334 220 235 232 243 228 244 216 246 233.6 
332 241 249 247 237 245 237 235 291 242.6 
330 210 214 216 204 213 210 199 218 211.1 
328 222 222 208 232 226 226 196 233 222.6 
326 250 252 246 251 238 243 236 254 246.6 
324 256 251 256 250 257 253 243 263 253.8 
322 279 291 280 285 287 282 271 313 284 
320 267 258 252 262 265 260 243 282 260.6 
318 280 266 283 275 274 270 265 283 274.6 
316 295 305 295 300 289 295 288 322 296.3 
314 266 272 266 270 275 279 251 299 271.3 
312 290 285 288 300 299 298 279 307 293.3 
310 253 258 273 267 263 257 250 281 261.8 
308 216 222 212 210 226 224 200 230 218.3 
Low High  Average Feet above base 
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306 192 195 189 186 192 189 182 206 190.5 
304 190 188 202 189 190 204 187 219 193.8 
302 195 208 206 202 199 195 188 213 200.8 
300 199 198 204 194 191 186 186 206 195.3 
298 226 221 216 220 220 221 207 238 220.6 
296 226 222 235 221 227 213 211 236 224 
294 182 196 200 195 189 194 178 206 192.6 
292 201 209 205 206 201 215 200 220 206.1 
290 190 208 194 190 189 204 186 214 195.8 
288 210 198 207 205 208 195 193 211 203.8 
286 176 173 170 187 182 172 166 195 176.6 
284 204 215 203 206 199 204 195 215 205.1 
282 185 204 186 206 203 202 170 212 197.6 
280 204 203 174 187 177 183 169 213 188 
278 190 188 185 199 190 186 181 201 189.6 
276 178 171 180 173 182 182 159 185 177.6 
274 171 169 177 163 172 176 162 182 171.3 
272 208 240 214 215 212 215 148 235 217.3 
270 187 183 189 193 192 187 183 200 188.5 
268 178 189 176 181 180 183 175 198 181.1 
266 199 179 197 181 191 188 172 204 189.1 
264 186 179 194 148 189 184 167 200 188 
262 210 195 201 208 201 197 187 214 202.1 
260 181 184 201 176 185 190 171 202 186.1 
258 205 201 205 202 206 209 198 212 204.6 
256 178 193 192 182 176 187 173 196 184.6 
254 192 187 205 201 203 206 178 287 199 
252 193 197 190 197 201 200 180 209 196.3 
250 174 181 185 188 184 177 159 196 181.5 
248 177 178 184 188 180 172 166 191 180.8 
246 194 180 181 189 180 191 179 190 185.8 
244 189 190 188 191 182 192 175 192 188.6 
242 203 202 204 198 215 208 196 218 205 
240 207 211 194 205 206 197 187 220 203.3 
238 201 222 209 198 201 207 191 223 206.3 
236 209 212 204 225 214 221 202 250 214.1 
234 302 307 297 278 298 297 290 311 296.5 
232 299 296 306 298 302 308 270 308 301.5 
230 281 278 290 281 278 286 275 292 282.3 
228 278 279 281 274 272 274 287 301 276.3 
226 281 280 293 276 280 282 271 280 282 
224 280 268 268 288 260 279 253 301 275.1 
222 268 276 276 264 281 263 250 301 271.3 
220 274 272 274 284 276 287 264 288 277.8 
218 280 277 279 283 294 285 260 311 283 
216 270 273 271 270 281 275 252 293 273.3 
214 263 277 266 261 260 273 251 289 266.1 
212 253 268 267 270 274 276 251 278 268 
210 259 250 251 266 285 268 245 339 263.1 
208 264 297 278 288 296 277 258 297 283 
Feet above base High Low  Average 
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206 283 276 287 286 270 302 270 303 284 
204 287 281 290 282 281 282 278 303 283.8 
202 322 304 308 304 311 326 298 327 312.5 
200 300 296 291 295 304 290 284 316 297 
198 315 313 344 317 327 326 310 345 323.6 
196 307 313 306 304 313 291 270 338 304.6 
194 321 295 313 303 324 302 289 325 309.6 
192 306 318 316 324 317 329 306 332 316.6 
190 306 309 327 312 324 308 303 335 314.3 
188 290 304 307 290 297 286 279 314 295.6 
186 316 309 314 305 287 306 285 319 306.1 
184 316 336 312 318 311 312 311 344 317.5 
182 297 315 290 282 279 295 272 318 293 
180 279 301 272 293 280 293 270 302 286.3 
178 276 276 286 281 276 285 269 297 280 
176 312 315 288 305 288 290 277 325 299.6 
174 314 302 301 304 301 323 294 324 307.5 
172 309 313 299 305 310 303 290 338 306.5 
170 302 326 307 329 309 320 300 330 315.5 
168 322 307 313 315 313 321 301 337 315.1 
166 296 298 317 321 325 309 289 331 311 
164 304 308 307 299 303 296 296 315 302.8 
162 311 328 312 314 316 311 309 340 315.3 
160 326 317 321 327 315 326 292 329 322 
158 311 300 306 308 309 311 285 321 307.5 
156 313 288 323 299 302 296 279 325 303.5 
154 298 302 318 311 300 298 295 330 304.5 
152 292 296 312 307 310 304 283 317 303.5 
150 301 291 300 297 296 297 284 313 297 
148 313 318 308 315 326 309 294 327 314.8 
146 310 318 311 330 315 321 310 333 317.5 
142 313 299 300 314 320 309 299 329 309.1 
140 296 326 316 309 305 301 295 324 308.8 
138 320 320 328 315 324 308 228 306 319.1 
136 304 305 297 303 307 315 288 335 305.1 
134 293 308 302 277 312 293 274 320 297.5 
132 307 336 308 319 319 327 306 351 319.3 
130 300 309 301 301 299 308 294 322 303 
128 319 330 333 310 319 342 304 346 325.5 
126 314 317 326 311 299 319 291 331 314.3 
124 292 296 321 309 297 296 287 325 301.8 
122 305 320 333 323 228 306 294 335 319.1 
120 293 275 283 291 293 292 261 302 287.8 
118 324 321 333 308 339 336 347 399 326.8 
116 341 334 350 346 344 357 341 373 345.3 
114 336 339 334 344 340 326 325 348 336.1 
112 352 333 339 353 364 353 313 376 349 
110 334 328 326 322 326 334 319 349 328.3 
108 317 326 327 309 311 339 305 352 321.5 
106 318 314 315 330 343 331 305 345 325.1 
Feet above base Low High Average 
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104 331 328 339 323 339 337 320 351 332.8 
102 348 355 345 346 358 350 344 366 350.3 
100 329 320 329 334 321 327 310 348 326.6 
98 329 313 327 317 330 324 295 330 325.3 
96 336 344 336 350 341 340 322 351 341.5 
94 350 351 348 362 334 350 333 364 349.1 
92 327 343 334 344 351 327 308 351 337.6 
90 329 328 328 330 323 326 314 335 327.3 
88 352 333 317 332 343 337 327 357 337.3 
86 335 333 337 333 327 328 320 355 334.3 
84 350 341 340 330 321 324 319 355 354.6 
82 349 355 368 347 348 361 345 372 354.6 
80 348 351 347 351 323 357 316 371 346.1 
78 355 340 327 365 365 337 321 369 348.1 
76 355 350 340 324 344 353 330 364 344.3 
74 356 361 360 337 347 348 326 370 351.5 
72 351 343 348 343 348 338 322 353 345.1 
70 343 346 348 352 355 348 340 371 348.6 
68 339 328 332 344 350 348 317 353 340.1 
66 333 331 339 338 332 335 325 345 334.6 
64 338 329 342 332 347 350 321 357 339.6 
62 338 353 349 326 340 322 316 357 338 
60 304 380 291 302 303 315 286 320 300.5 
58 329 345 338 331 341 329 328 355 335.5 
56 337 340 357 356 338 353 332 362 346.8 
54 373 361 376 353 362 360 348 377 364.1 
52 361 345 350 349 351 365 341 384 353.5 
50 332 320 324 305 322 328 296 337 321.8 
48 314 313 306 314 309 315 305 336 311.8 
46 324 325 328 313 327 325 310 330 323.6 
44 326 318 337 331 316 335 312 345 327.1 
42 307 314 316 294 293 304 291 317 304.6 
40 315 304 335 330 313 307 296 335 317.3 
38 318 305 335 300 318 317 293 339 315.5 
36 348 347 332 319 320 354 312 350 336.6 
34 330 329 306 317 310 311 300 339 317.1 
32 322 338 328 321 324 330 317 343 327.2 
30 320 312 298 304 314 305 286 329 316.8 
28 306 315 315 304 290 310 287 336 306.6 
26 322 321 329 322 335 321 314 350 325 
24 358 334 348 351 362 353 318 366 351 
22 379 360 372 373 365 380 354 381 371.5 
20 362 355 341 350 345 338 332 364 348.5 
18 345 344 367 358 370 354 342 377 356.3 
16 363 366 345 373 357 348 340 377 358.6 
14 325 333 335 327 344 344 318 345 337.6 
12 303 287 313 301 292 301 285 315 299.5 
10 311 300 310 309 304 310 293 329 307.3 
8 295 315 316 293 302 298 281 321 303.1 
6 320 305 314 314 310 310 290 322 312.1 
Feet above base  High Low   Average 
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4 312 327 312 334 331 394 297 397 335 
2 311 324 313 320 313 310 304 328 315.1 
0 280 282 276 281 272 285 262 295 279.3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Feet above base Low  High  Average 
 150 
 
162 148 137 140 136 142 138 135 151 140.1 
160 143 141 140 151 141 144 138 154 143.3 
158 160 161 170 164 159 170 153 175 164 
156 187 208 206 190 193 185 177 207 194.8 
154 193 192 175 177 196 177 174 198 185 
152 178 161 178 165 167 189 160 197 173 
150 201 184 197 200 206 191 180 207 196.5 
148 245 242 267 248 236 253 232 271 248.5 
146 218 211 225 227 224 209 207 228 219 
144 247 238 225 232 239 231 221 249 235.3 
142 301 301 303 322 293 315 295 324 305.8 
140 297 288 292 301 295 300 279 305 295.5 
138 269 283 259 277 267 285 247 300 273.3 
136 278 265 280 266 267 277 251 291 272.1 
134 270 265 272 266 268 283 265 287 270.6 
132 275 283 273 271 277 271 266 285 275 
130 292 283 292 293 300 283 264 313 290.5 
128 289 286 273 277 281 271 268 291 280.5 
126 235 260 240 243 252 248 233 262 246.3 
124 260 245 268 253 265 267 244 283 259.6 
122 277 286 266 264 282 270 259 297 274.1 
120 291 289 285 280 298 289 279 302 288.6 
118 292 283 296 297 304 295 279 307 294.5 
116 302 293 290 288 293 306 254 309 295.3 
114 292 286 288 295 282 295 281 311 289.6 
112 281 298 297 281 290 284 276 302 288.5 
110 288 290 307 278 290 300 271 302 248.8 
108 272 282 269 289 275 266 264 293 275.5 
106 269 274 261 284 277 265 258 294 271.6 
104 304 320 309 306 318 305 301 321 310.3 
102 323 310 319 315 305 317 299 325 314.8 
100 324 302 317 310 333 317 296 327 317.1 
98 320 326 323 327 325 324 310 341 324.1 
96 326 320 302 311 330 311 297 338 316.6 
94 320 315 299 316 336 321 295 347 317.8 
92 285 298 296 290 287 299 282 307 292.5 
90 293 284 292 290 268 299 261 302 288.5 
88 310 312 302 292 300 312 291 322 304.6 
86 338 352 322 337 330 328 319 345 334.5 
84 331 331 319 328 320 320 313 356 324.8 
82 283 298 289 280 279 293 276 300 287 
80 330 310 320 317 324 328 298 333 321.5 
78 286 291 286 288 289 277 270 303 286.1 
76 304 296 293 295 305 294 284 315 297.8 
74 266 278 286 284 289 282 256 291 280.8 
72 320 311 299 296 302 299 286 325 304.5 
70 297 309 324 324 309 324 286 326 314.5 
68 257 263 245 265 271 255 243 273 259.3 
66 262 257 263 265 257 262 248 273 261 
Feet above base Low High Average 
Mor B Gamma Log 
 151 
64 264 247 254 255 240 252 230 274 252 
62 241 242 255 257 244 261 240 264 250 
60 287 295 294 289 286 285 272 296 289.3 
58 249 251 254 262 239 245 234 272 250 
56 273 272 275 270 266 269 261 278 270.8 
54 284 277 271 288 274 284 270 292 279.6 
52 247 258 248 262 246 260 243 277 253.5 
50 270 290 292 286 288 287 264 300 285.5 
48 273 279 278 282 268 284 259 294 277.3 
46 272 275 282 275 279 273 263 293 276 
44 272 270 281 275 281 260 250 292 273.1 
42 273 257 263 282 258 263 251 295 266 
40 245 263 254 250 234 254 232 265 250 
38 242 254 260 255 253 241 237 274 250.8 
36 303 300 313 301 293 307 287 318 302.8 
34 295 313 294 292 296 299 279 315 298.1 
32 271 281 275 267 277 283 254 298 275.6 
30 270 268 261 264 266 259 252 280 264.6 
28 257 251 256 269 251 268 248 285 258.6 
26 285 272 283 281 279 277 258 300 279.5 
24 287 292 302 286 297 292 282 302 292.6 
22 284 276 271 278 275 280 266 285 277.3 
20 257 270 277 266 254 281 253 282 267.5 
18 257 271 269 264 269 249 240 289 263.1 
16 242 244 268 248 256 245 240 273 250.3 
14 268 286 281 290 284 284 257 302 282.1 
12 267 278 248 269 266 257 243 299 255.5 
10 227 222 245 229 235 236 210 249 232.3 
8 208 209 221 230 228 223 202 234 219.8 
6 212 238 211 230 212 225 211 297 221.3 
4 210 230 222 241 216 212 210 252 221.8 
2 230 218 227 239 207 235 207 248 226 
0 224 253 259 244 242 247 222 265 244.8 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Feet above base Low High Average 
 152 
 
106 284 285 281 269 279 272 264 287 278.3 
104 195 187 182 172 177 187 181 206 183.3 
102 193 188 184 189 197 190 184 201 190.1 
100 172 169 182 167 154 173 146 189 169.5 
98 153 159 170 170 159 157 145 185 161.3 
96 164 161 177 172 168 175 160 180 169.5 
94 148 163 150 166 161 148 148 188 156 
92 170 158 145 146 154 142 126 172 152.5 
90 154 152 149 152 153 152 136 163 152 
88 176 157 152 157 152 150 143 177 157.3 
86 154 168 156 163 159 166 151 176 161 
84 175 171 167 173 165 176 161 181 171 
82 155 156 150 157 158 147 146 175 153.8 
80 154 163 153 166 161 156 150 168 158.8 
78 165 169 164 174 163 182 160 184 169.5 
76 177 169 183 181 177 187 168 202 179 
74 199 197 201 195 196 182 175 202 195 
72 222 234 235 236 213 219 206 237 226.5 
70 244 242 243 229 234 242 216 264 239 
68 222 231 229 217 239 218 215 264 226 
66 258 259 245 251 245 251 238 269 251.3 
64 243 254 255 235 246 233 232 264 244.3 
62 238 241 239 247 254 238 237 262 242.8 
60 247 249 244 271 282 274 243 289 261.1 
58 259 253 253 266 261 262 249 268 259 
56 340 314 305 334 336 313 305 352 323.6 
54 335 331 340 325 341 327 322 342 333.1 
52 329 315 329 327 316 319 313 337 322.5 
50 314 324 325 341 312 317 305 336 322.1 
48 324 333 332 327 335 324 306 346 329.1 
46 311 320 311 328 326 322 303 327 319.6 
44 333 320 329 320 332 327 310 333 327 
42 289 314 294 308 295 319 252 328 303.1 
40 315 311 293 302 292 303 288 335 302.6 
38 299 304 295 297 287 291 280 312 295.5 
36 309 296 319 295 291 306 265 323 302.6 
34 316 332 302 312 319 304 297 343 314.1 
32 256 255 275 268 274 253 245 289 263.5 
30 298 295 290 288 291 294 288 303 292.6 
28 299 300 309 318 300 296 289 326 303.6 
26 257 263 274 279 267 259 244 302 266.5 
24 286 274 282 265 288 270 258 298 277.5 
22 302 302 310 320 308 304 293 332 307.6 
20 281 295 291 290 288 299 277 301 290.6 
18 282 293 290 291 298 302 274 307 292.6 
16 271 267 260 259 254 265 240 271 262.6 
14 271 283 281 285 290 269 257 293 279.8 
12 285 286 294 293 301 313 249 317 295.3 
10 286 299 290 292 294 285 280 302 291 
Mor C Gamma Log 
Feet above base Low High Average 
 153 
8 298 287 291 290 300 296 284 318 293.6 
6 300 304 288 290 293 303 278 306 296.3 
4 282 290 291 303 293 305 268 310 294 
2 288 286 294 278 274 289 256 306 284.8 
0 287 270 274 288 261 289 258 301 278.1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Feet above base Low High Average 
 154 
 
152 117 123 127 117 109 113 107 127 117.6 
150 120 116 110 117 124 108 104 131 115.8 
148 111 108 114 117 115 118 100 126 113.8 
146 122 129 130 129 127 126 122 141 127.6 
144 123 132 126 129 118 119 114 134 124.5 
142 147 157 138 153 143 146 144 171 147.3 
140 148 152 157 160 156 153 147 174 154.3 
138 199 180 171 190 193 191 159 201 187.5 
136 187 181 185 178 171 172 167 191 179 
134 167 165 159 152 161 160 148 168 160.6 
132 151 131 134 128 142 131 126 151 136.1 
130 177 161 168 158 171 172 155 189 167.8 
128 148 155 160 150 167 151 134 174 155.1 
126 130 135 136 141 136 134 129 148 135.3 
124 129 134 142 130 143 141 126 144 136.5 
122 133 126 120 121 127 116 114 134 123.8 
120 151 145 144 135 141 142 135 159 143 
118 151 164 153 146 165 153 138 181 155.3 
116 153 152 165 148 160 164 145 166 131.5 
114 155 153 154 157 153 164 149 167 156 
112 140 152 142 155 146 157 137 158 178.6 
110 163 157 158 161 155 162 153 163 159.3 
108 166 161 156 173 166 177 160 184 166.5 
106 153 163 153 160 161 159 151 170 158.1 
104 171 168 166 165 168 159 154 177 166.1 
102 168 178 162 156 159 163 149 179 164.3 
100 172 181 182 177 180 173 170 183 177.5 
98 172 155 172 170 162 172 141 189 167.1 
96 173 174 201 198 175 177 155 209 183 
94 154 159 139 148 158 157 138 160 152.5 
92 173 181 171 185 170 162 158 189 173.6 
90 181 164 171 179 158 177 157 180 171.6 
88 173 171 168 171 173 167 158 174 170.5 
86 161 168 163 163 169 166 152 171 165 
84 134 130 135 130 141 134 120 143 134 
82 146 135 152 137 147 141 133 156 143 
80 142 159 144 158 145 155 137 169 150.5 
78 157 158 156 162 171 156 146 167 160 
76 287 279 273 291 270 278 267 296 279.6 
74 265 273 275 273 272 274 257 298 272 
72 280 277 298 297 301 287 276 311 290 
70 272 291 266 272 291 302 265 303 282.3 
68 287 289 273 268 284 268 261 293 278.1 
66 310 290 279 306 287 290 278 333 293.6 
64 286 287 282 280 287 278 256 289 283.3 
62 313 318 308 317 316 312 296 322 318 
60 283 285 279 293 278 281 268 301 283.1 
58 287 301 287 298 294 288 281 320 292.5 
56 322 304 313 305 300 309 298 324 308.8 
Mor C Gamma Log 
Feet above base Low High Average 
 155 
54 313 317 311 312 314 315 300 332 313.5 
52 309 316 318 324 325 323 306 328 319.1 
50 308 300 309 312 305 307 291 317 306.8 
48 286 275 280 265 274 269 250 289 274.8 
46 303 299 287 291 289 286 283 304 292.5 
44 290 273 282 286 285 287 266 302 283.8 
42 288 302 319 301 299 292 273 382 300.1 
40 288 314 305 295 321 293 276 323 302.6 
38 289 294 302 305 281 287 265 311 293 
36 264 284 281 289 275 271 258 300 277.3 
34 301 308 298 289 291 297 275 312 297.3 
32 285 275 283 274 271 285 268 301 278.8 
30 297 291 296 314 285 322 272 332 300.8 
28 273 294 274 299 274 283 265 306 282.8 
26 278 282 285 278 283 281 277 304 282.8 
24 289 282 303 314 302 303 278 328 298.8 
22 277 253 249 278 256 262 247 280 262.5 
20 283 278 297 279 275 278 274 298 281.6 
18 255 260 269 272 257 268 254 282 263.5 
16 270 272 271 255 271 264 249 277 267.1 
14 285 250 254 264 274 252 235 287 263.1 
12 276 284 293 291 278 294 272 299 286 
10 258 266 270 253 268 258 248 271 262.3 
8 268 265 264 270 266 269 259 285 267 
6 264 275 260 254 273 262 233 277 264.6 
4 253 263 263 248 260 253 239 268 256.6 
2 233 245 238 245 240 251 225 256 242 
0 239 238 249 237 242 240 232 250 240.8 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Feet above base Low High Average 
 156 
 
122 170 176 164 167 155 168 155 179 168.6 
120 198 202 209 218 215 200 176 226 207 
116 206 199 197 189 190 194 170 215 195.8 
115 225 228 239 235 234 239 224 243 233.3 
covered interval approx. 4 ft.         
114 218 226 217 222 227 233 216 239 223.8 
113 213 212 219 224 232 225 199 246 220.8 
112 209 223 193 191 227 209 179 296 208.6 
102 224 212 213 205 223 213 204 241 215 
101 228 238 239 234 230 225 203 250 232.3 
covered interval approx. 10 ft         
100 263 253 232 255 248 249 226 268 250 
99 238 233 230 229 244 249 226 252 237.1 
98 214 214 222 221 212 191 213 233 212.3 
97 249 244 241 230 229 245 222 261 239.6 
96 238 223 234 242 243 228 218 257 234.6 
95 247 222 238 242 243 247 221 264 239.6 
94 246 266 252 261 266 252 232 285 257.1 
93 223 225 230 217 222 227 214 235 224 
92 239 235 234 232 246 242 217 252 238 
91 241 239 238 242 229 232 228 244 236.8 
90 234 258 255 242 236 246 233 267 245.1 
89 241 244 247 231 229 233 224 254 237.5 
88 231 237 235 240 229 232 218 244 234 
87 225 249 248 241 249 248 233 255 243.3 
86 262 273 257 274 279 263 255 283 268 
85 269 268 265 274 256 276 251 283 268 
84 266 269 276 259 264 266 243 279 266.6 
83 270 269 287 278 266 267 257 285 272.8 
82 270 272 283 290 262 278 244 293 275.8 
81 264 252 240 244 240 242 227 265 247 
80 252 230 256 251 242 254 228 273 247.5 
79 251 225 253 248 234 240 229 254 241.8 
78 223 222 230 214 235 219 212 238 223.8 
77 252 247 257 253 226 250 239 260 247.5 
76 236 217 218 215 224 233 214 237 223.8 
75 225 221 246 217 224 234 215 249 227.8 
74 228 232 218 222 238 234 218 241 228.6 
73 245 237 229 244 230 218 216 250 223.3 
72 236 224 219 215 223 235 214 242 225.3 
71 211 212 220 214 192 196 190 228 207.5 
70 207 182 212 205 199 213 197 219 203 
69 174 167 167 178 171 169 166 179 171 
68 163 167 169 172 166 169 158 186 167.6 
67 150 155 146 144 149 143 137 157 147.8 
66 151 143 136 155 137 143 126 154 144.1 
65 153 152 148 149 147 152 147 158 150.1 
64 142 154 144 145 153 163 133 163 150.1 
63 149 150 147 153 151 153 142 160 150.5 
Freshour Gamma Log 
Feet above base Low High Average 
 157 
62 159 142 156 143 147 157 141 169 150.6 
61 141 123 120 133 134 133 110 145 130.6 
60 148 145 138 148 153 141 127 155 145.5 
59 138 147 145 138 142 140 132 155 141.6 
58 173 170 168 172 171 164 161 176 169.6 
57 143 148 139 144 147 145 137 148 144.3 
56 147 137 128 131 141 148 126 153 138.6 
55 152 149 150 153 152 146 135 171 150.3 
54 177 170 163 169 173 161 160 178 168.8 
53 129 138 150 134 140 144 128 154 139.1 
52 143 138 136 140 133 143 123 145 138.8 
51 141 152 142 143 155 146 138 165 146.5 
50 136 139 125 139 138 138 117 142 135.8 
49 149 134 142 143 138 145 126 151 141.8 
48 140 134 131 124 130 135 122 143 132.3 
47 138 145 152 132 134 137 126 165 139.6 
46 148 144 139 136 135 139 131 149 140.1 
45 124 137 126 135 138 135 122 138 132.5 
44 158 159 155 152 162 157 146 170 157.1 
43 164 166 160 158 167 176 148 177 165.1 
42 155 156 161 162 179 161 151 187 162.3 
41 168 156 168 156 160 165 155 173 162.1 
40 172 163 170 161 166 163 159 173 165.8 
39 172 180 173 171 181 174 167 196 175.1 
38 172 164 170 159 160 160 150 173 155.8 
37 169 184 169 181 180 166 150 190 174.8 
36 177 185 183 182 189 188 174 200 184 
35 198 195 191 190 189 192 184 200 192.5 
34 209 207 199 201 204 208 188 218 204.6 
33 189 194 178 203 205 201 172 206 195 
32 197 207 216 207 216 207 196 222 208.3 
31 230 222 216 230 219 227 210 231 224 
30 213 220 220 214 225 206 199 235 216.3 
29 183 185 173 189 182 176 168 194 181.3 
28 201 183 188 181 197 195 177 212 190.8 
27 185 184 191 190 185 187 179 204 187 
26 222 219 204 202 213 207 200 228 211.1 
25 200 198 202 195 192 203 189 204 198.3 
24 204 226 220 223 221 232 195 236 221 
23 191 190 179 184 178 182 171 212 184 
22 200 195 200 186 208 204 185 214 198.8 
21 175 182 171 159 169 172 165 189 171.3 
20 188 190 182 179 195 180 171 204 185.6 
19 165 168 161 163 163 179 162 182 166.5 
18 169 163 166 168 171 168 161 174 167.5 
17 178 172 173 167 177 178 156 181 174.1 
16 178 175 177 178 181 180 174 206 178.1 
15 185 183 203 182 201 190 167 206 190.6 
14 197 194 202 194 197 202 185 205 197.6 
13 175 172 177 178 161 179 156 182 173.6 
Feet above base Low High Average 
 158 
12 198 196 198 191 178 181 172 206 190.3 
11 181 182 191 189 197 198 175 201 189.6 
10 180 175 176 192 189 179 168 194 181.8 
9 173 186 189 171 171 185 170 192 179.1 
8 184 180 182 189 183 175 167 190 182.1 
7 186 195 188 193 186 196 178 201 190.6 
6 193 208 198 190 208 187 182 210 197.3 
5 182 185 189 196 184 192 180 201 188 
4 180 165 174 176 162 178 153 188 172.5 
3 162 171 163 168 172 168 162 174 167.3 
2 179 181 177 176 189 181 176 191 180.5 
1 193 192 198 190 181 198 173 214 191.8 
0 217 220 214 212 214 211 207 227 214.6 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Feet above base   Low High Average 
 159 
 
132 158 149 163 154 156 162 147 163 156.1 
130 169 173 182 179 174 165 164 201 173.6 
128 186 193 191 193 199 190 179 207 192 
126 143 142 128 142 132 129 126 144 136 
124 137 135 142 132 145 135 127 145 137.6 
122 130 139 141 139 130 133 128 150 135.3 
120 139 129 140 132 137 131 117 144 134.6 
118 132 133 136 125 131 132 124 146 131.5 
116 149 150 146 145 151 138 136 159 146.5 
114 122 138 144 144 136 126 139 117 135 
112 144 162 144 161 157 160 143 170 171.3 
110 163 161 156 150 152 147 146 174 154.8 
108 179 164 184 174 166 170 163 195 172.8 
106 186 170 182 175 169 170 159 189 175.3 
104 124 128 137 132 135 123 119 139 129.8 
102 122 126 131 130 131 120 116 144 126.6 
100 125 132 124 123 124 126 122 142 125.6 
98 126 109 123 119 109 124 105 126 118.3 
96 110 116 119 113 112 123 106 130 115.5 
94 113 120 114 125 129 114 107 146 119.1 
92 116 123 115 107 121 137 104 148 119.8 
90 122 120 116 128 120 127 114 136 122.1 
88 129 128 141 138 139 137 123 148 125.6 
86 128 139 141 138 139 137 123 148 137 
84 124 130 129 137 124 125 115 140 128.1 
82 127 124 131 117 121 126 112 130 124.3 
80 124 112 118 123 127 124 112 133 121.3 
78 128 111 124 114 122 124 104 125 120.5 
76 126 124 134 130 132 123 120 137 128.1 
74 159 156 148 162 142 161 141 163 154.6 
72 167 156 163 178 164 166 155 185 165.6 
70 185 177 186 193 195 183 174 198 186.5 
68 205 191 193 209 192 207 185 216 199.5 
66 181 184 198 189 184 191 176 194 187.8 
64 197 194 187 189 185 186 181 217 189.6 
62 208 205 204 199 206 210 194 221 205.3 
60 208 215 207 196 210 209 194 219 207.5 
58 200 192 194 191 199 183 176 200 194.3 
56 199 202 196 192 200 196 192 205 197.5 
54 195 203 186 211 185 198 180 216 196.3 
52 201 204 210 202 213 201 183 214 205.1 
50 194 210 213 211 197 205 184 227 205 
48 207 217 221 207 218 218 194 229 214.6 
46 221 213 225 223 215 230 203 232 221.1 
44 202 206 195 203 192 205 194 217 200.5 
42 207 199 193 183 194 200 186 209 196 
40 190 163 169 181 184 169 162 199 176 
38 206 196 188 198 192 202 183 210 197 
36 196 180 197 187 184 192 169 204 189.3 
Weaver Gamma Log 
Feet above base Low High Average 
 160 
34 192 187 182 184 180 177 172 195 183.6 
32 186 180 193 174 185 179 154 201 182.8 
30 165 159 176 171 163 168 154 180 167 
28 164 148 149 143 146 141 137 165 148.5 
26 143 155 149 147 145 143 139 156 147 
24 143 150 163 150 148 157 138 170 151.8 
22 156 153 147 142 161 158 141 180 152.8 
20 153 161 158 154 166 154 149 172 157.6 
18 133 150 158 148 156 141 131 163 147.6 
16 158 154 167 157 158 151 151 164 157.5 
14 166 164 159 154 157 164 149 167 160.6 
12 171 169 188 167 173 162 161 190 171.6 
10 176 173 182 165 185 184 156 189 177.5 
8 151 155 162 166 160 161 148 168 159.1 
6 172 162 167 171 146 175 138 183 165.5 
4 148 162 146 162 152 159 144 163 154.8 
2 157 165 162 155 158 182 152 187 163.1 
0 165 170 173 171 169 171 160 174 169.8 
 
Feet above base Low  High   Average 
 161 
Vita 
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